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The Netherlands (22-23 September 1975), Germany (25-26 September 1975) and in
Norway (2930 September 1975); sponsored by the Aerospace Medical Panel
and the Consultant and Exchange Programme of AGARD.
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THE MISSION OF AGARD

The mission of AGARD 1s to bring together the leading personalitivs of the NATO nationy in the fields of
wience and technology relating to actuspace for the tollowing putposes:

Exchanging of scientific and technical information;

Continuously stimulating advances in the aerospace sciences relevant to strengthening the common defence
posture;

- lmproving the co-operation among member nations in acrospace research and development;

. Providing scientific and technical advice and assistance to the North Atlantic Military Committee in the
field of actospace research and development:

Rendering scientific and technical assistance, as requested, ‘o other NATO bodies and to member nations
in connection with research and development problems iu the aerospace field;

- Providing assistance to member nations for the purpose of increasing their scientific and technical potential:

~ Recomimending effective ways for the member rations to use their research and development capabilities
for the common benefit of the NATO community,

The highest authority within AGARD is the Natioaal Delegates Board consisting of otsicially appointed senior
representatives from each member nation. The mission of AGARD is carried out through the Panels which are
«omposed of experts appointed by the National [Delegates, the Consultant and Exchange Program and the Aerospace

Applications Studies Program. The results of AGARD work are reported to the member nations and the NATO
Authorities through the AGARD series of publications of which this is one.

Participation in AGARD activities is by invitation only and is normally limited to citizens of the NATO nations.

The content of this publication has been reproduced
directly from material supplicd by AGARD or the authors.
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This Lecture Series No.78, on the subject of Radiction Hazards, is sponsored by the

Acrospace Medical Panel of AGARD, and is implemented by the Consultant and Exchange
Programme,

During the last 2$ years there has been a remarkable development and increase in the
number of processes and devices that utilise or emit non-lonizing radiation which includes
ultra-violet, visible light, infrared, microwave, radiofrequency, ultrasound. Such devices
are used in all sectors of our society for military and industra!, tele~ ‘munications, :
medical and consumer applications. Although there is information .. “ological effects E
and potential hazards to man from exposure to these energics, considh1able confusion and
misinformation has permeated not only the public press but also some scientific and tech- ;
nical publicitions. Much of the confusion stems from misunderstanding of the fundamentals
of energy-tissue interaction, threshold phenomena, personnel exposure and product emission
standards, such as those promulgated in the United States and adopted by the Western
Countries and Japan in contrast to the personnel exposure criteria of Eastern European
Countries. This series of Lectuies by exg .rts in the field provides a scientifically accurate,
authoritative review and critical analysis of the available information and concepts to give

a basis for informed judgements and judicious application of these energies for maximal
benefit and minimum risk or hazard to man,
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Qlotugic and Pathophysiviogic Effects of Erponure to Microwave
or Ultrosonic Enargy - An Overview

by

Sol R, MRichaelson
University of Rochester
School of Medicine and Dentiatry
Department of Radiation Bivrugy and Biophysics
Rochestar, New Yorh 1h6A2 U.S.A.

During tha last 30 vears, theie hay been a renarheble development and increase in the number of
precestes and davices that utilize or emit nor~ionizing radlent erecgies such as microwaves, & form of
eslectromagnetic weve energy and ultrasound representative of mechenical vibratiun., These energiol are usad
in V! sectors of our society for military, industrial, telecommnicationy, madicel, and Zonsumer applice-
tions. More recently, the use of ultrasound in biolugy and medicine hes been cursidersbly eapanded. These
incradsns in sources of nun-ionizing radiant erergy have resulted in growing interest on the part of guverns
ment regulatory agencies, industrial and military physiciens, research wurkers, cliniciany, and even environ®
mantaliesis. Although there is information on bivlogic effects and putential hazards tu nar frum eapusure
to microwmaves or yltrasound, considerable tunfusion and misinformation has permeated not unly the public
prass but also some scientific and technical cublications,

interest in the bivlugic effects of nigh frequency currents ques back tou (ne work of D'Arsonval i
1893 (1) who reported physivlogic effects from a device capable of delivering a fraquency of several hundred
thousdnd oscillations per secord. This was fullowsd by the introduciion of “"yltrashortwave'' therapy in
the early part of the twentie(h century (2;. Before World Mar '1, the develupMant and therapeutic appli-
cations of radiofrequency erergy were further stimulated by the work of Sehlisphake ()). Rajewsky, Scheeler,
Schwan, end associates which i3 descr.bed in the publica*ions by Rajewshy (&), Liebesn; (5), Paczuld (6},
and Malov (7). To obtain an appreciatic: of the Tundamental work that was going on during this periud,
review of these publications is especially useful.

Nuring the latter part of World War {1, the U.S. military services became interested in the pusiible
hazardys to personnel workirg aruvund microwave sources,and the 0ffice of Naval Research of the U.S. Navy
began to sponsar research on the biologic effects ¢f microwaves in 1948, In 1956, the U.S. Departmant of
Defense adsigred the responsioility for tri-service courdination of studies related to the bivlugic effec:s
ard potential hazards of microwave expusure to the U.5. Air Force. These studies contributed greatly tu
a better understanding of the biolagic effects of microwaves. Findings of the tri-service progran have been
reviewnd (8).

In 1968, the U.5. Bureau of Radiologicar Health sponsared a symposium on the Biolegica! Effects and
Health Implicationrs of Microwave Radiatior in Richmond, Virginia. This Symposium was held to provide ar
indication of the state of knowledge in the grea of microwave health gffects ot that time. Subsequently,
severdl symposia have been held buth in tie U.S. and the USSR on the general tupic of the bioclogical effect
cf microwaves.

In Octobar, 197% the first truiy internativnal Symposium orn Biclogic Effects and Health Mazards of
Microwave Radiation was held in ¥arsaw, foland undar the sponsorship of the World Nealth Organization, J.S.
Departmgnt of Mealt:, Education and Weltare, and the Scientific Suunci) to the Minister of Health and
Social Welvare, Polish Peoples' Republic.

Ultrasound has not heen studiad as a caturally cccurring phenomenon except for low-frequency, low= ntensity
emanations of animal origin (9). The nuise spectra of jat propulsion devices contain a broad range of
ultrasonic frequencies which were initially believed to be the basis fuor the headaches, neusea, undue fatigue,
dizzinass, and othear complgints reported by personnel wno worked in the jet sound field. Subsequent rasearch,
however, indicated no support for this bhelief. It was suggested that the i1l effects were more probably due
to the tremendous intensities of sound, over 140 db, created in the audible range of frequencies by the jet
engine (10). Interest in the pussible harnful effects of ultrasound on man became nighlighted when ultra-
sonic devices came into mo- Y gensral use.

To provide a perspective ur the uses of microwaves in (he civilian sector in the U.S., Viltlforth (11)
~as noted: about 425,000 micruwave ovens were in use, mostly civiltian, in 1972, An estimated 15,000 short-
wave and 15,000 microwave diatheriny devices were in use, mostly civiiian, .n 1923, Approximately 120,000
microwave commynicaticns towers, each with reveral separate sources, were in use at the end of 1972, approni-
mately 752 civitiagn. Abnut 2 million peuple are treated arnually with radiofrequency (microweve)diatherry.
An additiora! 60,000 people may be occupationally exputed in practitioner's offices and clinics. A sigii=
ficant portion of the total U.S. populatiun of 200 million is expusad in varying deqrees to microwaves from
communications devicas; some individuals are continually exposed. Occupational exposure to radar exiats in
the Arrad Forces, FAA, civilian airlines, :hippiry, and other industries. The numbar of microwave davices
projected for use in 1980 include: oveas, §5,000,000; diathermy, no estimate with any deavee of accaracy; for
communications, 250,000 towers will hav: been cunstructed hy 1976,

In regard tu ultrasoric devices, Villforth (1)) hos reported that the~e ire an estimated 50,00 cleaning
units now in use in the U.S. These ars used in & variety cf industries and uther non-home applive’ions.
Approximately 50,000 other cumercial/inistrial applications were in use at the end cf 1372, lirgely
civitian. In 1970, there ware approximately 3,000 medical! diagnostic devices in .se; however, the use-growth
pattern suggests this may have increased to neariy {0,000 in 1972, mostly in the civilian arer. (ndustry
sales projections and surveys indicate that about 33,000 diwthermy units existed at the end of 1972, largeiy
civiilon, The very rapid increc.es in sales of diagnestic uitrasonic devices indicate that pproximately
175,000 may be in use by 1976, Population at risk is not knowp with any degres cof accuracy. Based on
axtrapolations of a 1970 equipment survey, an estimated two million peopla are truated annually with ultra-
sonic diathermy. Mixer and other industrial commurcial applications accounied fo approxirately 50,000
units in use by the end of 1972, The numher of ultrasunic devices projected fur yse ir 1930 irclude:
cleaning equipment, 200,000 units; medical dizgnostic, approximately 175,000; diathermy, -00,000; commarcial/
industrial, 180,000.

Although thermal effects of microwave absorption have been well demonstrated :nd documented, some
investigatars suggest non~thermal or spocific effects due to microwave exposura. When snimals or man are
exposed to microwaves, the absorbed energy is ccnvertad to heat which, if of sufficient degrec, may induce
physiclogic respunses as a reaction to the incressed body temparature or rubtie riteraiions in thermal
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Qredierts in tra dody. Although the s heve been repurts uf Tunctional changes uf tte: neurrerducrise,

catdivvarcalar, o1 certral rervous system gy o result uf microwave eapuiure, these respurye) wre tur-
sistent wilh the patterr of phyriologic adjurtment to thermel irputy into the budy

OFf intertest 1n this gurtest iy @ conclusion tormuieted ot the Irternativnal Syrposive or Bivlogic Effects
ard Nealth Mazarde of Micr.awave Radiation, Warvew, 197} Microwmave biologic effects may be fivi 20§ ibto
threé cated riey high avetage rrtersrties (10 m/cm?) at which disticrgt therma! effecty ulywt whigh ir
@ P TArces ~wy be hazardius; the rarqge belim | rM/ R e which Qross thermal effects are 1wtobable;
tee rarge f crtertetoate ot aybtle effects from abrut 1-30 mé/cmd Lo which weak Pwrrel bul raticesble
eFlecty occur ay well ay direct Trelt effecty art perhapy othet effects (g microsCopic of macrosgnpic
Catute 1% tetails uf which are at presert urclaritied, Die borter
ard ~ay 1iffer for vat Wy wpecies of arimiis art may aly Seperd
: frequercy ard madgltatoor

}
i
]
!
£

Limits of tnese regiorys are apptoaimate
ar @ variely of patemeters sugh o

The rteractiony of L2 sourd or Listue Have beer stulied, ‘wwever, thesr irtefactiners are auvite
' corplen, a1 gt further study 1y reeted to wt derstan? vorplietaly the irtetaclion ot ultravowrd. Presertly,
s of the reported effects of ultrasc i may be eaplarred o 1ig t ot eaistirg theury,  Wher uteanourd iy
absorded by Lissue, 'eal 8 pProduced. i abditoor o Gltras e f produces bioloyical eftects that car ot be
enpigtret or the bavin ot ating dinre,

Ir Jure 197, the New Erglant Jout ol of Meticive publisned an efit el ertitles "Application of Vitres
sourd e Bet e 1Y T T e e tarial ate tetererce to 1M urguestioned value of wltresowrd 81 & diagrostic
tool ard thes 1ty ws® it clitial medicir e was sul® that it 'car be ¢ videred essential te quud patiert
care. ' It ther cortirued: “The mechariamy af 1 tefgcliory betwrer tissves ard witresuund are not ey yet

¢ woletely aromn, art aliroud™ ultrascr o rtratiat cr o Liviagrgal materials v vitro urder specttic
caperimertal cortitiors has beer reporied Lo Cawst Mool abdefratiaey, tra all the eviderce availeble,
Dot experirartal art clirical, it gy Cvceted that the currert diagrostic practice
| wyoterm tadard to the patiert or to the tetus subected to wholesbody rratiatio. !
relative safety as corporet to ioridirg tatiatiar, witravoert uset as Sorar
vield informatioe or the preserce ar ! focat e v (rlertaces betweer ard witre sofl Lissuves unoblarnegdie
by Kerays of ary other mears.' O the cther hard, ¢ regert reviewet of the subject of biotugic effecty of
Jttrasuurd (330 vas chyeryved: oo the belief that tragrantic ultrasourt is safe scern to be based o the
v powe? dersity art the Facl ERal PhysiCrats “ave rot receqr iset wdverse etfecty ir clirical wee.

v pr——

pule ho shuetterm or
e additioe Lo ity
(or ir oulsecech: mude) car ufter

R AT T e T

Trere
is the apparert comfort that 1o alverse cffecty “ave beer slviwr i the laburatary &t dJiagrostic tevels.  Yet,
subtle effects ir numars “ave rat beer loovked for ateyuetely and pussibly ever all grosy vtfects Have nut {
peer =uritore) sufficiertiy, It 1s ever tuubtful that the ertire spectrur of potertially har ! etfects k
of altrasound or animals nay bheer stuliet ategquately.’ 1t snoult he Bointet oyt that simi lar crit . ivm huy

beer leveled at rmigrowave biveffects stutiey at ¥ reporty,

Because f tre Cc mplexity of tre irteractiony of rarsiarizing ratidtior ir bic lugical systemy, wr. inges= 3
tisc plirary appr "= 1y recessary to o assesy ar! eluci tate the proable s that evolve ay this field givarces 3
ant as the use of theae erergiey eaparts. 11 iy importart to ratrtair 4 proper PErspective &nd drsesy

realistically the biomedical effects uf these ratiart ererdies o that the warker ur general public will not
I ce urfuly exposed ror will reseqreh, Jevelopmenrt

restrictet dy an urdue concerr tur effectsy which
ervirorrertal hazards,  Tee goal of this lectyre
ard Curcapts ir proper perypective to unterstar!

TR T T

ard bereticial utilizatiar of these enerygics be harpered of
Wy he rorcexistert a1 mirargl ip Cumpacisur to ulher
series is to review ard place the availeble irtarmgtion

ardt ercoyrage the 'ul! potertiel tor the bereficial use of ]
F these raliant erergies, at tie same ime preverting atverse ef fecty to irdividuals exposed tu these erergies.
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Pathuphysinlogic Aspects of {aposure to Bicr weves

b "

$ol R, Nicheelsun
University of Auchester
Scrhon! of Redicine and Dentintry
K Depertmant uf Radiation Blclogy and Bluphysicy
Sochester, New Yora 1B V.5 A,

INTRODUC T 1 OM

e d

For the purpuses of trese lectures, micromaves wiil op defined a4y that poriion of the electromagnetic
radient Breargy Apectrum which ercumpasies the frequency renge of 300 Ris = 300 CMz with wavelengthe in
free space of | mpter to ) mitlimeter. (atensive investigativns into mizrowave bigeffects during the
'ast quarter certuty show gontlusively that, fur Yrequencies batween 1200 ond 14,300 Az, eapursure tv
ouower dersity of 100 mi/cw’ for | h ur nute cuvld have patimghysiolngic mar feste.ions of o thatme! nature.
Such marifestatiors would 8 caracterized by temperatyre risg, whic! iy & function of the therm! regule
tory procestes, ord sttive adeptation of the arimal, The end rqault iy either reversiblie or irrgversible
tharge, depurding or the tornditions of the irradiation and the Shysiulogic state of the enimal. At power
fersitiey bulow 100 "/¢m’, huwever, evidence uf patholugic chahges iy roneaintent or equivocal. A graat
deal of discussion, revertwmiess, hay begr erngendered cunterning the reletive importonce of tharmal or
rorthermal effects of radiofrequancy (RF) and micruwave radiation,

The resulty of some in vitto studies have beer corsidersd ay evidence of noatharmal effects of AF
1 ) ratiatior, Althuug™ some investigators end revivowers still guestiun the interpretatiun of these su-celled

ronthermal offecty {1-6), several support rontherme! interactiors betweer tissves and ¢lectrivc and magnetic
fields (700,
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THERMAL EFEELTS I

1 By temgerature increase during esxpusure tu microwaves depends un: &) the specitic ares of the body
expose ! ard the efficiency of heat eliminatiar; ) intervity o field strength; ¢) duration of arposure; ]

1) specific frequercy of wavelength; ard e) thickresy of shin and subcuteneous tissue. These variables H
jetermire the percertaqge of radiant erergy abiorbed by various tissuves of the body (12, 1)),

in partial b:ty espulsure wnder raormal conditiuni, the budy acts e @ cuwoling reservoir, which scabilizes
the temperature vf the exposed part. The stabiligzation iy due to av equilibrium aatadlished betwsen the
ererdy abyorbed by the zaposed part of the budy and the emount of heat carried away from it, Thiyx heet
tearspurt is due to ircreased blood flow tu cooler parts of the body, maintaingd at normal temperaturs by
neut-requlatirg mecharisms such as neat luss due to sweat evepuration, radiation, and convectionr, If the :
arogrt of abyurbed ererqgy exceefs the uplirmal amunt of heat erergy that can be handled by ‘he mechenisms
of \e~perature regulation, (“e eacess erergy wi!l couse Continuuus temperature rise with time. Hypertharmia
ar 4, urder some circumtances, local tisave destruction can resull (12, 13).

b i 2

il 4

h—

E THRESHOLD FOR PERCLPTION

i 0 Yl e i, s

Amarengsys f migrowave eapusure iy develuped by sevetal mechanism including cutansous thermal agnsation
ar pair, The physiolugy of therral sersetion ana pain,which (1 essentially the basis for cutaneous pur-
ceptior uf microwdve eneray, has beer the subject uf several studies. Thase studies suggest that a threshold
sersation iy obtaired shan the temperature of the warmth receptors i1 increased by a certain amount AY.

Schwar ot al (1M} fourd that if & person's forghesd is exposed to 74 mi/cm’ of JOOO M2 micromaves, the

reactiur t.re {the time which elapies before the gcrson is aware of tiw sensation of waemth] varied detween § 3
1 1S ard 7Y secounds. Marmth perception of 56 mM/cm® 1anged between S0 seconds and } minutes of erpus.re, . 1
3 MHerdler & ¥ assuciates (1%, 16) made detailed studies of the cutansous receptor responte of man to 10,000 mMz
ard 30CO MMr microwaves ant for infrared (Table 1), For & & second axposute to 10,000 NNz over a 37 om’ ares '
] f the foreneed, tre threshuld fur thermal sensation is 12.6 mw/em? and 25 mi/om? for axposures lasting 0.5 i
sacu~d, Fur tne ertire face, assuming uriform temperature sensitivity of the facial skin, the thermal sen- ' 1
] satior thrashals would be 4-6 ~i/cm' far a S-srcond expusurs or ppronimately 10 ~W/em® for a 0.5-second ) 1
; exposure. 3
, ]
TABLE | i ]
3 Stimulys Intensity and Tempersture increase tu Produce & Threshold Warmth Sansationx i
] | 1000 w2 10,000 MMz Far Infrared 3
; Increase in increase in 3
Exposura Tire Power Dansity Powar Density Skin Tenp. 'ouorlhu;s&ty Skin Yemp. B
{sec) ! (mM/cm’) (wid/ cm ) (=€) ) (oc) 1
A 3
4 i 58.6 2.0 .025 YRR, .035 : 1
é\ 2 46.0 16.7 .040 .2 .025 i
- !
A 33.5 12.6 080 b2 === '
*37 om' forereac surface area - data from Meodier et al (15, 16),

Cook (17) investiyated the pain threshuld for 3000 WMz microwaves. As fur as could bu judged, the sen-
sations of warnmth and pain with micromave heating differed littles from those falt when heating was produced
by infrared readlation. Appearently & thevwal pain sensation | gevoked whan end-organs located approximate'y
1.5 mm below the skin surfacs reach a tarverature of about MOC. Powar density levels for pein thrashold
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vatie U fredam tt, pert et et lerw e o the Fatar W terrg wnile Ue eguiprert was it peration dig rot
et Protertve kT3, Wt owas e st repeatetly o Cigranave powdr ters.ties cwire thar JO00 tirwes the
Cetrertl, acceptet vafe lese! estabiavet by tre U8, Air Forge,

SHnQMCSORE CHANGES

Sove P vesligat Ps Vase Feportet WU E o mos are char ges i varicas plart ardt arimal cells ard tissue
Caltures (79350 Toese ctuties Tave beer criticized by hose whoe tee that the systemy were subjected to
@ ertal strens) the choner parareters of tre applied field cagsed bictogically significary field irduced
v orce effegts art trese experitarty have ot yel heer irtepet dertly replicated (Y4, 35).
tirezt or v furmet oviferce of gecetic effecty due to emjosyfe to RY or microwaves,

Srgler ot al "Y61 rep rted thal there way o highe, - ol tenge of children with Down's yyrarome among
fathers ai('r'?rr:r cgupatioral erposure to radar. This epidemiotogical stuty ut Dowr's syndrome was

citiatet primarily ta delerrmire whether there was a relatianship between parental exposure to aniging
ratiati 1 ant the ogcurre ce of thiy ayrdrore armaro offapring.  The principal stimali fur this study were
tve ralatianyhip betweer hrowr ar i recatted eaposure to farizing radiatior g chromotanal aberrations,

toe assogiatiar of leukeria art morgolism ard the lteulemogenic effect of furizing radiation, in additiun
tocotlectirg tata for tnis majur objective, nfurmation was obtained and analyszed cuncerning wther facturs,
NuCh Ay parental age ar 1 materral repnr ductive patterny, which mianl Lo sssoCiated with chromasomay abers
ratiary (7).

Ir ¢ mtrast to the rmthers, the fathers of the children with Down's
qreater expesute tu turigzirg ratiati r than did the control fathers. Nao
ccupatine, of the fathers of Dowme's syrirome children and the controls,
~ilitary swrvice fur the fathers of the Duwn's syndrume childran = ) 14
fathers., dr adaition, a history of radar expusure was obtained fruom fathers, which indicated that 8.7¢ of
tre fathers of the children with Dowr's syndrome and 3.32 of the cuntral fathees had had cuntast with radar,
botn ir ard4 2utside uf the armed furces =- a4 difference which is of burdertine statistical significance
tr-.02) O3).

1t shauld be roted that the authrs themselves anly sugnested the ralationship butween Down's syndrome
ar{ neerral radar expusure. Trne radcation histary of the fathers pruvided a contrast to that of the mthers.

There iv thyy no

syndrure did not have signiticantly
differences were fourd in the
except for a higher Trequency uf

ax compared with §6.62 fur control
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There was & marhed similarity in tr.@ history of radietio” saposurfe reported by the fathers of Duown'y
syrarome children and of the controls, except for the suygested reiaticrihio between Down's syindrom: and
Viternal radar nvmuw With the aral! nu-bers avellable, it is mat Vidkety this flidire iy 2 chenge
cbservatiok. e addition, are hay Lo recugrile the pusaibility of inadvertent urkeown end/or untegui 224

CRMAGTe to rarcgaing 'ah.(.-w of uthei enetic perturbing svert. Thiy i3 g everspresert ctavtion 1h retros

Ansct we epiaeTretl 20 vurvevs,
Wi WATOPES 1S
Altscuwah & rumber of irvestigetors state that the tlood and blood furmeing oy %= are not affected by

atute or chror. g microware exposure (27, 38-30), effecty o Fematupoiesis have been reported (si-ag, . Yhs
Uome  F orse ang dearee of ‘emglopoigtic chavge may be dependent or the wavelicngth, field intensity and

Wratior of seposure (85-48) 0 1t iy suggested that leubntyle response i\ related tu hypothaiamiihypophysials

atrera) slimelalior tue te therma! stress (A9

My de ard Friedoar (507 studied the effe-ty ir mice From exposers to 3000 MNg, 20 rid/cm® any 10,000 WM2,

1340, o 60 oM/c™ wp to 18 ~irutes. Wo sigrificent effect or Lirtal or differeniia! leukutyte Cuwnt or
reratobin gungentratior may roted irvediately, 3, 7, or 20 deyy after eapusure. Thete were nu IhangEs ¢

femoral Borg marrom et thar ar ingarslart stight incraase i the gusinophi! serigy of the eapite ehinuls

whirh way rotl refiectedt o peripheral blood courtys,
Rigsovihaya (48) sabiecte! tats to 3000 MUy qccurding to the folliwing schedule: 10 mzem?, &0 min,
LB ey 0 eMAemt L 18 i 20 aeyh; 100 rM/en, S eir, 6 days, AL AD mii/emT ard 100 mi/emt | tutal RBC

B, w3 sMenlute famprocyies wete decreased; qrarulocytes and reticulugyiey were elevated. Ar 10 uwm’.

total WBC  ard sbsolute iy anrgytes decreased, ohd giaruloeytey ingreased, Bune mairow ssamination revesled

arythrai g hyperdlasia at the Siaver power levvel,. The Blond di4 not recui® tn its rormal state monthy
atter the secieny of irradiatiors was discortirged,

Barurshi (WA, §1) exposed cuinea piay art rabdity to YFQ0 MH2 pulsed or KW 3.5 «i/z=' power density fur

I sorths, Y hry taily,  Peripheral Blood, bore marfow, lymph nuodet and spleen were examired. lrcreases ...

abstute lvmphogyte counts in peripreral blood, abnormalities in nuclesr structure and mitosis in the erythroe

blastic cell serie .+ the bore marfow ard in lymphod cells in Tymph nuden and spleen were obretved., No
alteraticr ir the qrarclocyte series way roted. Bararski suguests that eatrathormal compler interactiony
aee™ Ut by the urferlyirg mecharism tod the chary. s

Buty et al (§3) irver iqated the seraitivity of the feral rat hematolugical systen ©Vlowing in ulere
~icrowave Trrafiatior. Proorart Sprogui-Dawley raly were expoted one at a time to whiie-body 2460 MHZ
130 ~M/¢m CW migrowaves at 16 tays jestation . Uraer these corditiony the rectal temperature of the
Pregrart rats irireased 4,200 abuve that of the corgrols,. Hematological changes were Mmeasured in the
pregrart rats at & rours, & hours, and § days postsirradiatior tshot ly before the fetuses were femoved),
B fy ard spleer weighls and “ematoloqical changes were measured in the feral rats at 20 days gestation,
Ko vigrificart differerces were fourd betweer the cuntrul end micPowave expused pfegnant rats in budy
weignt, tutal lewkocyte court, erythvacylte court, hematocrit, ar hemuglobin value. Kicrowave irradiated
tetuses “ad vigrificertly tower spleer weignty (P0,.05), tutal leubocyte cuwnts (P20.01}, and semewhat
Lwer hermcglobie values {P2".10) thar controls. No apgr iable differences were observed butween micruwave
ireatioted fetusesr ard the.: cortrols in Body weignt, *"Fa yptake in bloud or fetal resorption, The lack
«f ary effect in tha pregrant ret enpursed to 100 mi/em’ ar any greater effect in the foctus than that
reparted is notewurthy,

Spatdirg {53} exposed mice tu BN0 MMz twu haurs daily for 120 days in a closed systam (wave guide) at
ar irgideree level of 43 oW/om L Budy weight, res and white blood cell count, hematocrit, hemuglabin,
growtn, volurtary activity ond life span remaired nurmal. Distirct changes in the proportiunrs of white
ard red bong marfow vtem cells have beer observed in rabbits chronically expusud to meter waves at | mW/em?
{Sh),

Ir dugs exposwd whole=budy tu pulsed microwaves there was & murked decredse in iymphocytes and eusino-
prils after sim hours, 2800 MMz 1°0 md/on’ (55). The nautrophily remained slightly incraased at 24 hours,
while eosinuphil and lymphocyte values relurned to normal levels, Following two hours of erpoture at
165 mw/cem”, thare was o 3)ight leukoperia <nd decrease in neutrophiis, When the exposure was of three hours
duration, leuhocytusis was evidert immediately after exposure and was more marked at 24 hours, reflecting
the neutruphil respunse. There was a muderate decline in lymphucytus immediataly fullowing two to three
nouts of exposure, with recovary tuo the pre-exposure leve! at 24 hours. Eosinophil change was negligible
at the termination uf three hours exposure and moderately decruwd at 20 heurs,

After exposure to 1285 MHz, 100 me/cm’ for six hours, there was an ircrease in leukocytes and neutro-
prils. At 24 hours, the neutrophil level was still noticeably increased from the pre~exposure level.
Lymphocyte and sosiruphil values were monerately depressed and at 28 hours slightly exceeded theit initial
value,

Sin hours of euposure to 200 MHz {CW) 165 mi/cm’ resulted In a marked increase in neutrophils and a
mild decrease in lymphocytes. The leukocyte count was further increased, and the lymphocytes matkedly
increased the following day. Eosinophils were moderately decreased (55).

hposuu of mice to 2050 MHz, 100 mWw/em? far § minutes resuited in a decrease fo)lowed by a increass
ir Fa'Y uptake in the sploen and bone marrow (50). Alteration in ferro~kinetics was also found .n rabbits
ard quires pigy expused to Y000 MMz at ! m\l/cm' or 3 mM/cm?, 2-A hoyrs daily, 14-79 days (57).

Early ard sustained leukocytosis in animals axposed to thermogenic ievels of microwaves may be related
tu atimulation of the hematopoietic system, leukocytic mobilization, or recirculation of sequestered cells,
fusiropenia and transient lymphocytopenia with rebound or overcompansation vhean accompanied by neutrophilia
may irdicate increased adranal function.

Barron et al (26) repurted an appurent decrease in polymorphonuclear cells and increase in eusinophils
and monocytes in a group of radar workers. In & latar report, however, the same authors (27} found these
deacreases to be incorrect dus to a variation in o laboratory technician's interpretation,

Saranski and Czerski (A7) reported on the hamatologic examination of a larga group of people occupa-
tiorally expused to microwsves. Thay concluded that a small drop in the numbar of erythrocytes takes place
in all psuple exposed to microwaves; incidence is ralated to thc length of employment with normalization
later, a symptom which doas not appear in groups having worked for one to five years. A tendency toward
lymphocytosis with accompanying eosinophilia is apparent in parsons having worked more then five years
under conditions of low and medium microwave exposun:. Three groups of leukocyte change: occufr in parsons
enposed to substantial irradiation for more than five years: most frequent are absolute and relat!ve
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'ymphocytosis: next in order is absolute lymphocytosis with monocytosis; and neutrophilic leukocytotis is
last. About 50 of gecsons exposed to microwaves show a twoderate drop in platelet number. This posas

the question whether X-rays or other snvironments! factors may not bs the entity or at least a contributor
in such findings (58).

CARDIOVASCULAR EFFECTS

Sevara! investigators report that esxposure of animals or man to microwaves may result in direct or
indirect effects on the cardiovascular system. Sume authors suggest that expusure to microwaves at 3
intensitles that do not produce appreciat’ . thermal effects me lsad %o functional changas thet are
observed with acute a3 wa!l as chronic . cuiures. On the other hand, no serious cardiovascular disturbances
huve besn noted in man cor animals as a resu.t of microwave exposure (59). ]

lncrcascd heart rate has been observed in rabbits and dogs after exposure to power densities of 50-130
mW7cm® for variable periods of time ranging from 10-140 minutes (60, 61, 62)." Slowing of the hsart rate is
rapcrted by some investigators with tow (or what they consider "nonthormal“) levels of microwaves (39, 63),
although others have reported ' creased heart rate with low-level microwave exposure over the dorsal aspect
of rabbits (64, §5). Increase in blood pressure has been reported (u0, 66, o).

Homodynamic response of the dog exposed to thermogenic levels of 2800 MHz pulsed resambies that of
asute hedt stress as manifested by early hemodilutio: followed by hemnconclntration. As the exposure is
pralnnged, hamoconcenlratlon becomes more :vident. Dogs exposed at 165 mW/cm® show a body weight loss of
2.0:/hr. At 100 mW/cm?, there is a weight loss of 1.25%/hr, and hemodilution occurs, as contrasted with
hemoconcentration evident at 165 mW/cm? (55).

Cubbota (67) has noted that in rabbits chronically exposed to 2450 MMz, 10 mW/cm?, little change in
arteriu) pressure was evident. However, hemodynamic shifts were quite clearly In evidence even at 1 mW/em?,
No hemoaynamic shifts.were observed beginning with the 4th or 5th treatment. When the rabbits were exposed
tc 50 mwW/em’, the arterial pressure dropped, then recovered to its initial level after 1-2 hours. Character~
istically, these effects were registered only after the first faw microwave treatments, and later, as the
treatments were repeated (once every 1-3 days), the arterial pressure change became smaller in degree until
disappearing the 9th or 10th treatment. The rectal temperature rise was 1-1.7°C after the first exposure,
but 0.7-0.9°C after 9 to 10 treatments.

Presman and Levitina (64, 65) interpret their data as indicating an effect on the parasympathetic
nervous system (vagus nerve) during ventral irradiation and on the sympathetic nervous system during dorsal
exposure. Levitina (o8) has suggested that the peripheral nervous system is the mediator between microwave
radiation and its possible effects on heart rate. !

McAfee (69) has pointed out how data can be misinterpretad o be the result of some unknown effect of
microwave radiation, when hyperthermal effects are not involved,

In cats, when peripheral nerves are E
stimulated by 45°C temperature, adrenal medullary secretion occurs and a rise in blood pressure is developed ;
as a result of adrenal secretion (70). McAfee (71) questions whether experiments on the effect of microwave 5
radiation on heart rate are carefully controlled for this possibility; if so, it Is not mentioned in the

literature,

Functional damage to the cardiovascular system indicated by hyputionus, bradycardia, delayed auricular
and ventricular conductivity, decreased blood pressure, and decreased height of EKG waves in workers in RF
or microwave fields has been repcrted (43, 72-75). Ozipov (76), however, points out that these changes do
not diminish work capacity, and are reversible, It has been reported that the furztional state of the £
circulatory system of radar station operators who exercise regularly (preliminary gymnastics) is superior %
to that of person: who avoid physical exercise 77).

According to Sadchikova (78), two basic syndromes of hemodynamic disturbances induced by changes in &
regulatory reflex function exist, dependent on the preponderance of excitability of sympathetic or para- :
sympathetic vegetative nervous centers. Clinical syndromes are induced simultanecusly with or immediately ﬁ
after hazardous occupational exposure. Both types of reactions may be observed among persons exposed to %

i

microwaves at intensity !evels of a few milliwatts/em® for long periods of tima. Neurocirculatory
disturbances of a hypertensive character are related to the duration of exposure, vagotonic reactions occur
during initia) periods of work. Prolonged exposure induces progressive changes, interruption of exposure
may induce a remission. Symptoms of sympathetic circulatory disturbances occur in persons exposed to low
dose intensities of a few tens of microwatts/cm? with occasional exposures up to 1 mW/cm?(78).

Tolgskaya and Gordon (79) observed morphological changes in recaptors after one exposurs to microwaves
#hich decreassd with repeated exposures. They suggest that receptors of the reflexogenic zone of the curve
of the aorta, the carotid sinus, and all layers of the auricular wall are highly sensitive to microwaves.

It does appear that functional cardiac changes can occur as a result of microwave exposure which
doubtless are due to response of the autonomic nervous system to thermal effects. |t has been noted that
thermal stimulation of peripherai nerves produces neurophysiological and behavioral changes (70). Inter-

action detween the peripheral nervous system and the centrai nervous system could account for the reported
effects on heart rhythm, blood chemistry, and ECG.

'
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PFYSICAL ASPECTS -~ ULTRASOUND
P N T Wells, Bristol General Hospital!, Bristol, UK

Summary
Ultraround, which is a form of energy consisting >f mechanical vibrations
the frcducncicl of which lie above the rangye of hunan hearing, travels
through media in the form of waves. At frequencies of tens to hundreds
of kiloherte, ultrasound may be generated and detected by magnetostriction)
at higher frequencies, piezoelectric, and particularly ferroelectric,
transducers are used. At megahertz frequencies, ultrasoni~ powers are most
.eonvenicatly measured by rudiation presgsure detectors, or by calorimetry.
In biologica soft tissues, ultrasonic waves are usually in the
longitudinal mode, and travel at velocities of around 1 SO0 m a”t, The
shape of ultrasonic field derends on the size of the transducer in
relaticn to the wavelength. Focusing syatems of quite small dimensions
can be used to produce hiah intensities at megahertr fredquencies.
Spe-ular reflection occurs at discontinuities in characteristic
impedance which are large in relation to the wavelength; eneryy is
scattered by smaller discontinuities within biolocical materials, In
soft tissvas, ultrasound is absorbed at a rate of about 1 dB em™1 Muz”
by Lroad-spectrum relaxation procesces. The attenuation in both lung and
bone, however, is very much higher, and their characteristic
impedances differ greatly from those of soft tissues. The inclasion

1

or occurrence of gas bubbles within liquids or soft tissues may have
profound effects on the neighbouring ultrasonic field, due to
phenomena broadly classified as cavitation effects.
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Ultrasound is a form of energy which consists of mechanical vibrations the frequencies
of which lie above the range of human hearing. The lower limit of the ultrasonic
spectrum is generally taken to be about 20 kHz,

Ultrasonic vibrations travel through a medium in the form of a wave. The
transducers used to generate and to detect ultrasonic waves are of warious kinds,

according to the frequencies, wave shapes and intensities which are involved.

At frequencies of tens to hundreds of kilohertz, the magnetostrictive
transducer is appropriate. A magnetostrictive material has the property that the
application of a magnetic field causes a chanye in physical dimensions, and vice
versa. In the absence of an applied magnetic field, the magnetic domaina of a
magnetostrictive material are randomly orientated. The shape of each individual
domain is asymmetrical. The application of an external magnetic field tends tc
rotate the domains into the same direction, and it is this change to a
u non-random orientation which causes the change to occur in the dimenaions of the
3 5 material. The change may be either positive or rnecative, and for a given fileld
; strength .t is in the same direction irrespective of the sign of the applied field.
4 P Conscquently, if an alternating magnetic field is applied - for example, by
introducing the magnetostrictive material into the field of a solenoid carrying
an alternating electszic current - the magnetostrictor oscillates at twice the
frequency of the magnetic field. Generally this difficulty can be overcome by the
application of a non-vacying magnetic field of¢ a relatively large magnitude.
i : In any particular applicatioa, the choice of the magnetostrictive material
S depends upon several considerations, including the frequency and the intensity. At low
frequencies and high intensities, nickel, and alloys of certain materials such as iron
and cobalt, are appropriate, and generally a laminated construction is used to minimise
eddy current losses. At high frequencies - in excess of abont 50 kHz - and even at low
frequencies at intensities below about 20 W cm'2 in water, synthetic ceramic materials
known as ferrites hava baetter characteristics than thoae cof matals.
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Certain materials hava the property that the application of an electric fleld
causes a change in physical dimensions, and vica versa, This ia the piezcelectric

effect, which occurs in some natural and synthetic cryatals such as quarte and

lithium sulphate. In addition, in some artificial cecamic materials, the individual

change domains may be aligned in a manner analogous to the magnetic domains in a
ferromagnetic material in a magnetic field.
“ferroelectric”.

The analogy leads to the term
Ferroelectric ceramics may be polarized Jduring the manufacturing
process, so that, unlike terromagnetic transducers, an external polarizing field is
unnecessary.

Probably lead 2irconate titanate is the most widely used piezoelectric tcansducer
at frequencies in the ronge 0.1 - 10 MHz.

Its characteristics may be mndified to
contre} the frequency bandwidth,

A great advantage of the piezoelactric ceramics
is that they may be formed into any desired shape during manufacture, and polarized
in any regquired direction. Although the most uzual shape is that of a thickness-
expanding disc, two other configurations are quite often used in ultrasonic
appltcationsg, Filrstly, spherical bowla are used, denerally :o prcduce focused
ultrasonic fields., Secondly, cylinders with electrodes bonded onto their inner and

outer curved surfaces are used as length expanders te drive various preches, tand as
omnidirentional receiving elements.
in Figure 1.

Some typical arrangements are iliustrated

PLANE SPHERICAL .,
PIE20ELECTR BOWL
TRANSSuccR i FERROELECTRIC
CONCENTRATING TRANSDUCER
CONE
METAL CASING
MAGNETOSTRICTIVE
WINDING = CORE

ELECTRICAL
CNNNECTIONS

“,a*'

SLECTRICAL CONNECTIONS

(a) (b) (c)

Fig., 1. Typical ultrasonic transducers and their mounting arrangements.
(a) Magnetostrictive transducer with concentrating cone; (b) Piezoelectric
disc transducer; (c¢) Ferroelectric srherical bowl transducer.

At megahertz fregquencies, ultrasonic powers are most conveniently measured by
radiation pressure detectors, or by calcrimetry. A force becomes established across a
regiun in which there is a change in the intensity of the wave, If the wave is
completely absorbed, the force is equal to the incident power divided by the wave
velocity. The theoretical basis of the effaect is still somewhat controversial: but
in practice, the simple relationship is that the absorption of an ultrasonic wave
with a power of ) W travelling in water produces a force equivalent to a weight of
about 70 mg. Therefore, with a suitably designed “"radiation pressure balance",
measurements of force may be directly related to estimates of ultrasonic power. The
constrruction of a typical radiation presaure balance is illustrated in Figure 2. 1In
this instrument, the ultrasonic beam is arranged to be intercepted as it travels
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through water by an absorher mounted on one end of a balance ar., thus producing a
turning moment proporticnal to the ultrasonic power. This turning moment 1is balanced
by a rider of known weight appropriately positionad on the other arm. S8ince it iz not
possible to 1:ind a material which does not reflect some of the inctldent encrgy - as
explained later in this article - accurate instrements are arranged 3o that reflected
energy doea not introduce errors.
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CALIBRATION
r INCIDENT MARKINGS
UL TRASONIC
& HPLEY RIDER
& REFLECTED 0|
k urRaseRte |11
% BLAM !
—_ COUNTEHWEIGHT

SENSING SURFACE

FULCRUM

Fig. 2. Typical radiation pressure balance. The instrument operates under
water. Tne ultrasound reflected from the partial absorber which forma the
sensing rurface at the end of the balance arm is travelling horizontally, and
so does ot produce an erroneous turning moment about the fulcrum. £

This type of radiation pressure balance is suitable for the measzurement of

ultrasonic powers in the range 0.05 - 10 W. The measurement of power of less than
é 0.05 W requires a very sensitive system, since such small forces are invelved. A
: convenient way around the difficulty is to use a modified analytical balance, which can
) typically measure a power of 2 mW (egquivalent to a weight of 140 1:g) with accuracy
of 3%, b
“ Calorimetry is a more fundamental but generally less convenient pethod of
ultrasonic power measurement. It depends on the complete absorptior. of the ultvasonic
energy within the body of a calorimeter, which allows the heat so produced to be !
measured. The method is tedious because of the necessity to wait whilst thermal
equilibrum i3 achieved between measurements. It is relatively insensitive, bucause of
the difticulty of measuring small amounts of heat. The principal source of error is due
0 the direct transfer of heat due to the inefficiency of the source, which is
indistinguishable from that produced by the absorption of ultrasound. Daspite the
problems, :nstrumentz have been constructed in the laboratory which are capable of
measuring powers in the range 0.1 - 10 W, and which agree gquite closely with radiation
pressure determinations.

In biclogical soft tissues, ultrasonic waves usually travel in the longitudinal
mode. The particles of which the medium is composed vibrate backwards and forwards i 1
about their mean positions, so that energy is tranaferred through the medium in a :
direction parallel to that of the oscillations of the particles. The particles
themselves do not move through the medium, but simply vibrate to and fro. The vrlocity ;
at which the energy is propagated is determined by the Jelay which occurs betwz:en the E
movements of neighbouring particles. This depends on the elasticity and the density of §
the medium. 1In water, the velocity is 1 520 m s”! at 37 °%C. The values of the :
velocities in soft tissues are not precisely kncwn, but range from abovti 1 450 m g1 in f
fat to about 1 585 m 3~} in muscle.

The "ultrasonic field"” of a transducer ia the term used to deicribe the spatial
distribution of its radiated energy. The analysis of the field is based on the
app.ication of Huygen's construction, in which the surface of the transducer is
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considered to be an array of scvparate elements each radiating sphoerical waves in the
forward direction. The elements move synchronously with equal amplitudes; thus, a disc
is considered to be a piston the surface of which vibrates cophasilly at constant
amplitude. This i{s, however, a rather coiplicated lltuatio; for inalysis, aince
three~dimensional jeometry {s involved. The thecretical distribwiion for such a source
iz shown diagrammatically in Figure 1.

l~d—-—-— NEAR FIELD —-—»'4——— FAR F1i LD smermmraafiiis. «fi

TRANSBUCER l

!
! CENTRAL AXIS
OF BEAM

1.0
RELATIVE .
ampLiType 0.5

0.0

0 50 100 150 200

DISTANCE FROM TRANSDUCER, wave' engths

Figy., 3. Theuretical fleld distritution of a typical ‘disc transducer. In this
exampie, the transducer has a radius of 10 wavelengtts. The ring diagrams
represent the crcss-sectionral intensity distributions at selected positions
along the central axis of the beam,

Moving along the central axis of the beam towards the source. the intensity

increases until a maximum is reached at a distance x' from the source given by

TAAX

x'max = rz/l (1

where r is the radius of the source, ) is the waveliength nf the ultrasound, and r2 >> xz.
The relationship hetween ), the velocity ¢, and the frequency f, is that

W = ¢c/f (2

Incressinaly closely spaced axial maxima and minima ocour towards the scurce. &t

sycressive axial maxima and minima, start'ng at x' and moving towards the source,

max
there are aone, two, three, etc., principal maxima across the beam diameter. Thus, the
heam has two distin~t regions. The regicon between the source and x'max is known as the

*near field", and the beam is roughly cylindrical. The reglon bevond this, the "far
fiald", is characterised by beam divergence at angles 20 about the central axis, givan

by
sin 0 = 0.61 \/r (3

Thus, the shape of the ultrasonic field depends on the sine of the transducer in relation
t'- the wavelength. Only when the scurce is at least a few wavelengths in size, does the
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ultrasonic fleld sssume the shape of a defined beam. Under these circumstances, it is
possible to ume methods analogous to those of optics to focus the beam. The size of the
focal volumg 18 limited by the wavelsngth. BRither lensse (made from materiale which
have different values of velocity from those of their surroundings) or curved,
self-forusing transducers may be used. At megahert: frequencies, Antensity gains
of 1 000 or more may easily be achieved, corresponding to focal intensities in water
of up to aroand 3 kW cm" 2,

In any given medium, the ratjo of the instantanecus values of particie pressurs and
velocity is a constant. The constant i{8 called the “characteritiic impodanca™ R of the
medium, and is related to the density o and the velocity by the agquation

2 = pe (]

In a propacgating wave, there are no sudden discontinuities in either particle
velocity or parcicle pressure. Conseguencly, when a wave Peecs the houndary betweon two
madia, hotl particle velodity and the particle pressure must be continuoua across the
boundary. In esach medium, however, the ratio ol these twe quantities is fixed, being
equal tc the corresponding charvacteristic impedance; and, if the characteriatic
impedances of the media on each side of the boundary are unagual, the incident snergy
is shared to satisfy this requirement. The resul: is that not s1l1 the energy is
tranamitced seross the boundary, bot a fraction R is reflected which, {or normal
incidence, {8 wiven by the equation

R= D8, - /a2, + 230 (s

where nl and 32 are the characteristic impedances of the inciden: and transmitting media
respectively, This relationship is modified for ncn-normal incidence, and total
interral reflection occurs where ain Dt = 1 {n the ecquation

sin ”1jnin ot = CI/CE _ {3

where the angles Ty Jy are those of incidence and transmission respectively, as
indicated in Figure 4.

INCIDENT wWaAvE REFLECTED WAVE

MEDIUM i

DENSITY 0y

VELOCITY c,
BOUNDARY

MEDIUM 2

DERSITY Py

VELOCITY S,

TRANSMITTED WAVE

Fig. 4. Behaviour of a longitudinal wave at a boundary.

In this diagram, O1 = Cpy as in ray optics, and the reflection is said to be
"specular®”. Specular reflection occurs at discontinuities in characteristic impedance
which in sr .ial extent are large in relation to the wavelength.

It is important to realise that the results of calculations of refraction and
reflection conditions at a plane boundary may not apply to a similar characteristic
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fmpadance discontinuity at a rough intarface or a smali obstacle. Thir apecular component
of reflection is at least partly replaced by componente of acattared cneryy. This effect
becomes important when the dimenaions of the dimcontinuity are o!’ the order of a
wavalength or less, If the ohztacle is very much less thin the vavelungth in slze, the
intenaity of the wave which is backscattered varics inversely an the l'ourth power of the
wavelength., With wavglength-order discontinuities, however, such as :nay occur in
biological matericls, the thecretica! problem becomes very diffizult. It ia doubtful
whether modela are helpful except in the elucidation of genecal principles, snd it is
bhetter to make experiment.. meagauremcnis than to attempt to maks theoretical estimxticons
in cases where the physical dimenticn’ are necossarily not well known.

Ultrasound is attenuated ad it travels through & medium, The date from viparitmentesl
meazuraments in biclogicel materiiis are both sparse and hard to relate one to the other.
It is not realistic, at i.e¢ present time, to limit attention to tigsues {rom man, It is
} seldom possible to take twch account of the temperaiures at which the measutements wers
4 rade, nor cof the "freshness” of the tissue siunples, although both thesa faretora acse

probably of conaiderable importance. Despite these limitationsg, it iz apparent that,
E for binlogical soft rissves,

b

a®" a fb {7

whatre a is the absorption ccefficient !yenerally measured in dA cn"). and a and b
depend upon the characteriatics of the particular tissue and tha conditiong of
measutament, and have fairly constant values over limited ranges of frequency. tThe
value of b is ygenorally only a little yreater than uaity for soft tissues in the
fragquency range 6.1 = 100 MHp, where f is expressed in MHm: typilcally

i =® 1| dB cm"x Rﬂx‘l. although the values range from one third to twice this rate. At
1 MMrx, the abscorption rate in bone is around 10 dB cm", whilat that in lurng i3 about

40 4b em”'. Cn the othur hand, the absorption in blood is oniy 0.1 @B cm™! at 1 Mie.

These valuves may be compared with 0.0026 4% cn'h in water at )1 MHz, and in water the
ahszorption rate ie proportional to the iquare of the frequency.

Far htclogical scft tissues, thé questlon arises as to how a linear relationsghip
cumes about between the ahsorption rate and the frequency. The "classical™ machanism
of ahmorption, which dependr on friction between the particles in the medium, gives a
quadratic dependence -“n frrguercy, such as occurs in water. Of several possibilities,
the thecory wiiich is presoncly most favoured, and for which there is considerable
erperimental eviduace. ie tha' bloloyical soft tissues exhibit a broad frequancy
spoctrum of relaxation processes. “Relaxation" s the term uasd to describe the
behaviour of » madium in which the kulk moduiuns has one value for slow procesgas, and
another £ r fast processes, The astual proucasses which may be involved have been the
subject of mhch dlacussion, The most likely candidates seen to bo solvent-golute
interactions, and pratein H-berd | xchanges. The effect of a single relaxaticn jrocass
i3 to give rise te excess -hzovprion across a hand of Irequency centred on the
relaxation fraguanzy. Acvos this band of frequency, the velocity has a slightly
higher valua at high frequencies than at low freGuencies: this phenomenon 18 called
"dizpersion”. Although a single relaxation process gives ¢ single peak in absorption
asgociated with one particular frequency. it turns out that the substantially linear
relationship between shscrption and frequency. which has bueen obsarved experimentally
in soft tissues, could be acceunted for by the existence of severa. ~ perhaps only
four - relaxation proresses with appropriate frequencies.

The absorption mechanism in bone {8 certainly more camplicated than that in soft
tigsues. Scattaring, and conversion to shoar waves of zhort range, are likelv to be
important factors. ‘The dependence on frequsncy is quadratic at frasquencies belcw about
2 Miiz, but it is more ncarly linesr at higher freguencies. Different kinds of bone
have different propert.es; and the bshaviour of compact ivory hone, for axample, is
relatively free from these complexities. The velocity in bone is about three times
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faster than that in soft tisaues, and the density 1g up to twice &2 much., \onsaguantly,

the characteristic impedance of bone may Le five or nix timer greater than that of soft
tissues,

R T

The absorption in Jung is sven greater than tha: {n bone, but the velocliiy ia only
ebout hi:l1t that in sofr tissues. The high rate of abunrption may bw due to the
re-radistion of energy by pulsatiny gaseous utructures in the luhg tiuzwe, whilet the

low velocity ix also due to the presence of gas (in which the velocity is only about
-1
Woms ),

?
E
|

The 1ac' adic. .. vccurrence of gas bubkles within liguids or soft Tisaues mdy have
profound cffecta on the noighbouring ultrasonic field, due to ghenomena broadly
classified as cavitation effects., 1f a bubble already eximta inh a mediuy, it may be
set into> resonant omciilation by the application of an uitrasonic {isld which has a
frequency approprtately related to the dimenzions of the bubble, for an aty=filied
[ bubble in water at atmospheric preossure,

tr LI 1.3 (8

: where ‘r is the rasonancve frequency (in Hz). and 7, i the buthle radins {ia ®)}. For
exiirple, a2 bubble of 30 um radius would resonate st a frequency of abaut &4 &Nz,

L Quite stecp gradients in the ultramonic field can occur nea: resonating bhubl:-iea,
These gradients can give rise to streaming, which can exist in any of geveral véjiwen
according to the ultrascnic amplitude., Similar gradients may alas be genarated nearz
the Lip of a necdle set into longitudiral vibration by an appropriate transducer,
Generally these effecte are ohserved at relativel; low intansitien; and the habaviour

:
3
! 5f bdbubbles changes only dlowly I at ail, the phencmenon heing known aa "atabls®
i ' cavitation.

Y

At high intensities, the negative pressure during the wave cycla mav he suffiacient
: to disvupt the supporting medium. Transiont cavitation {8 the phenosmencn in which
voids suddenly qrow and then collapse in the auppeorting liguid. The ccllepse o6 the
cavity leads to strong pressure puliex, or gshotk waves, in the supposting liguld, 7he
1 whole process occupies an interval of lesa than that ¢f one cycle of the wave,
Cavitation, either stable or iransicht, may be suppressed by dagas3zing tho imadium
or by increasing the external pressure applied to the cyatem, It i3 also irhibited by

§ increasing the viscosity of the supporting liquid, and by reducing iho time duratlion
‘ - of the irradiation,

dl=

Although much is understood concerning the effects of cavitatich on hlological
materials in liquids, eithar in soluticn or in suspension, it is atill te song eaxtent
a matter of speculation as to whether or not stable cavitation cccurs in soft tissues.

At very high intensiil 5, transient cavitation certainly can cccur., The quastion which
\ needs to be answerad ', whether or rot micron-sized bubbhles exist in suit tisaues whion
! could be set into stanle cavitation by low-intensity, megaherty-frequans)y ultrasound,

For further readiug

Wells, P.N.T. “"Physical principles of ultruseniec diagaosis®, Lot

ndon aml
New York, Academic Press, 1969,
3 Wells, P.N.T. “The medical applications of ulrrasonicos", Repoerts on Frogress
; in Physics, volume 35, number 1, 137y, pages 45 - 93,

e s 5 it ARt BT o S

S i a o 4 L1y i ok b i -axdt e TR W AR, 1A S VL T NEERIL L L RE L YEY L WITRRAR ALY
v R b T L Rt AR Yol o A A i i o N o




T YRR T AT

41

RIOPHYRICS - ENERCY ARSORPTIOW AND DISTRIGUTION

Artthur ¥, Cuy
ficeiccttrgtet lcn Renearch tabototory
epavtnent of Rehabiittation Medicine AI-10
University ol Mashington Svhool of Medicine
Seat(le, Mashinpton SRIWS

SUWHARY

The interprretaticn of the SNiclogleal effectn ohnereed In tianuea exroned to FX {leldn requires a complete
quant 1tative desctiption of the fleldu within tiw tinkuen, Thene [lelds aTe comples functionn of the nource
cfiRutat kon, shape and ster of the exponed suhject, and the frequoncy,.  The averape and farimed abnofhed
owwtd dens ity ey vary vver many ordete of ragnitude for the sane cpplied fleld incennitie~, Depending on conhs
St hewe, power shaorption may be predominantly at the surface of the rublect of may bo affeciing enly Ruper-
fivial tinauen in the intrrlar of the sedject afteciing deep tinnuesn,

S. ANTRODUCTION

Ihe total amount and the dintributtion sf the ahnoibed electtapnetic power in Rlojogtcal tiskue exponed
to electromagnettc fleldn (FM) In o functicn of many factorw, including the mapritude of the electric Tinld
(FY. magnitude of the maghetic fleld (H), the relative ntorted enerpy 1o the napnetic and electric filelds, the
source and tisaye coalflaurations, the tiamie compuaitton. frojioncy, enviromentel facvioea, and others.  Theves
jore, in general, 1L fe fnpoasible to establish any seaningfvi relationahipa hetween A siwple peanvrement of
he entvinal Foand N flelds svd ohrervable hlologival offecta in o sublect emponed to BN fislds.  Ye rould
expect, howevet, to entadbliah a useful asaociat ton betveen the measured internal electric fleld, K, and the
effect because of s ohvicun relationshin tn absorbed power, W tper unit mane tr the tisguen), induced currvent
deanity, J, of athet fdentifiable guantitien that directlv fnteract vith the tike: »  Furthermore, one would
expct ThaAt oncy thian associatlan ix excehliahed U a partivular Pl logie tiamue ur svntem, §t could be
related much nmore seaningtully with other tisages of nvstems.

The ahsorition, difftaction, and scattering effects of the tost antmal or specimen in the field are consd-
detadlv different than the aame effects portatning to erposure of man,  The gteateat complicating factors
cerult fron intorference patteran within the (iswuen which produce Peglon, of {nrenasifications of absoirted
pover of hot spute i regplone of lew absorbed pover within a xiven animal,  Thene abauibed pover patterns will
vaty depending on the soufce. fredquency, bhodv satre, peoseiry, am! the envitonaent arsund the subject,  The only
practical wauv to accurately guantifyv blologlic damage or therapeutic hencfitx in terms of incident pover levels
Is to relaty them $o the interns]l field ard sbanrded power disteibutions. Much of the research pertainiang to
Mologicai effectn {2 done thriugh antmal experimentation or jrradiation of hivlogic apecimena fn vitro, The
question ia, how do we relate the offects to the fivlds and extrapolate the resulta of these to the radiation
effects tn humaan, In the «ontralled antmal or biologle tinsue we have the optlon to set up any field confi-
guzatton we desive, whether o radfation fi{eld or A near-gone fleld siruacion, shore an effective pover denrity
teve! produces quantiliable ctfects of damage or benefits in the animal or apscimen, similar effects or damage
can cceut tn the human with the mame wifective power. Vith exposure of the animal ov spocimen, we alno have
scattezing, absorption, evd internal refle tivnw tlat . re unfguelv ansociated with the animal's dody and tissve
characteristica or the arecimen's geometey that result in chaorbed power dennivies different fron that for
haman exposure.

The wost sensidle approach s to quantify chie actual (ielda, ¢ absorbed energy i{n the tissuecs or specisen,
and relats this finding o the hiolegiv offeeta, damape or benefity that may occur, Once this informatfon {4
svailadle, the next task {8 to determine what incidi vt power or outstde field, whether predominantly a radi-
ation, electric or magnetic field, will produce the same effect {n man. The esaentials to know, then, are what
level nf pover per unit voluse oY maas abserhed hvy the tixzue in an animal or apecimer under trradiation wiill
vield an offect, dasage, o bear{it, and what level of power or ficld an meazured by a survey wmetoer wiil pro-
duce the sames abucrbed power ia human tizsuen, There gquestions can be anawered only through the application
and developaent of porper measutement techniquex. Only then will a clear understanding he deteemined of how EN
fields {nteract with the tissue, whether on A mictuoscopic ot wacrcacopic rcale, or on the entire body structure,
of whether an chaervable effect (s thermal or non-thermul {n orfigin or is merely an srcifact to the nature of
the axpevimeantal appruach. Bv taking proper account of hody siae of the experimenta! animal, along with
accurate In vive dosimetry. the results from an investigator using fats can be related ta those from another
atudv on cats, Zowkeva, dogs, frogs, or tisaue sample in & tert tube.

B, DIFLECTRIC PROFERTIES AND FM WAVE PROPAGATION THROUGA BiO0LOGICAL TISSUES

Sceme of the dasic characteristica of ™ t{eld interaction with hiolopical materials can be characterized
by the wave parameiers jabulared in Tables | and 11, The first voiuan lists selectad frequencies between
1 Mg and 10 GHa. Treoucncies of 27,12, 40.68, 413, 918, 2450 and 5804 MMz are aignificant since they are
uned for fogastelal, sclentific, and medical heatiug processes. The frequenciex of 27.10, 433, 915 ond
2480 \Ma are used for diathermy purposes. The asecond column tabulates the corresponding wavelength » ina
alr, and the rersiniug columns pertain to the wave properties of a particulur tissue group. Table 1 gives
data fot muscle, skiu o timsues of nigh water content, while Table i1 1s for fat, bonme and tissues of low
water content. Other tissues containing intermediate amounts of water such as brain, lung, bane narrow. etc.,
will havr propeveies that lie butween the tatulared values for the twe listed proups. The tables lise the
dielocttic propertties, the depth of penetratlion, and the veflection charvactevistics of various tissuca vxposed
tu M waves sa a function of frequency.

The dielectric behavior of the twe groups of hiological tissyes tadbulated in Table 1 and 1T has been
cenluatad wost Lhoroughly by schwan and his assoctates [1]1-[1] and by cther researchers including Cook lil-
Tl ang Coie [7). The tnteracticn of FM wave fields with hiological tissues 38 related to these dielectric
characteristicn, The tissues are composed of cells encapsulated by thin nemhranes containiag an iantraceilular
fluid compoxed of various zalt lons, polar protein molecules, and polar warer molecules, The extracellular
tiutd kas stmilar fons and polar aclecules, though rome of the elewents are difterent.
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The action of electtomagnetic flelds on the tinsves produces two types of effects that control the
Jlelectric behavior., Une In the oacilletion of the [ree charges of fona, and the other the retation of
diperle melecules at the frequency of tie applivd electromegnetic energy. The firat glves rise to comduc-
tion cutrenta with an assvctiated energy loss due to clectrical resintance of the wedive, and the othet
aftevin the dlaplacement curtent through the sediue with an essociated dieleciric loses due to viscostity.
There effectn contral the hehgeior ol the complen dielactric conatant t*fc = (e'=)c"), whare ¢, 18 the
perslttivity of (ree spave, © i the compler permittivity, ¢' ta the dielbetric constaat, and ¢" o the
loes Factor of the redium.  he effective romductivity o (due to doth conduction currents and dielectric
losaen) of the mediu) In relatey to ¢ by «® » afut, and the loas tangent Lo given by tan & e ¢"/g' =
1"t . The quantity ¢ will he dinpersive due tu the various relanation processes avsociated with polar-
teativn phenomend, These are fndicated by the divlectric prepetties given in Tableo | and 11, The decredase
tn dleluctric conatant ty ant Incresse In comductivity o (or tleaved of Migh watet content with increaaing
trequency is Jue to (nte;lnclaz polarization acrons the vell swsbranss. The cell nedbraces, with a capacity
of approriaately § WF/oms, act az insulating layers at Liw frequencies so that currsats flow only in the
extracellular medivm, acvourting far the lov conductivity of the tinsuma, At suificiently low frequencies,
the charging tiae conatant (s asall epough to conpletely chavge and diacharge the weabrane during a zingle
cuele, resultiag in a4 high tlasue capazitance and thevefore a high dielectric constant,. When frayuency e
tncteased, the capacitive reactance of the cell devtranen, vesulting in increasing currents (o the intre-
cellutar asdiub with a rsulting tacreane in total conductivity of the ticave. The increass in frequency
will also prevent the cell walls trom heconing totally charged during @ coapiote Cyvle, vesclting in o
decteane of . At 4 frequency of approximitely 100 Wiz aad above, the coll ashbrans capacitive reactance
hocomes sufticlently low that the cella oy e anruned to he shortecivculted, In the Frequenzy range of
100 M o 1 Me, ehe lon vontent ol the electrolyte nsdice has no #ffect on tie disperston of the dielec-
teiy conatant =0 the values of s and oy are celatlively independent vf frequancy., Sciwan {1],(8) has
waggrated, however, that suspended protein molecules with a lower value ol dielectric constant act as
“"Jlelecteiv cavities" In the electtolvie, thereby lowering the diviectric vonatant of the tinsve,. Ne
attributes the altght disperston of 1y to the variation nf (he effwetive dielectric constant of tha protein
wolecwinon with frequency.  The final deciine of vy and incroane ot ay at [requencies above 1 GHe can be
attributed to the polar properties ot water molecules which have a relaratisa frequency near 22 GRa.

The dielectric behavior ot tinsues with low water content ia quantitatively atmilar to tissues with
high water content, bub the values of dielectric conatant ¢ ond conductivicy o; are an order of mavnitude
Linwer and ave not quantitatively understood an well., Thie ta due to the fact that the ratio of frev to
varfous typex of bound wate is not known, There s also « large variation in tisaues of jow water content.
Since water hasn a high divlectric constant and conductivity compared to fat, the net tissue dielectric con-
stant and conductivity wil! change significantly with amall changaa in water content.

The values of « and ° will also vary with temperatury. (n the nicvowave region, vhere dispersion ta
small, the variaticn is given bv A /% and 4 -0.52/% ° The dielectric propetties of the tissues
o &

flay an important part in Jetermining the reflected and transai’ted power at interfaces between diffevent
tisse medla,  They also determine the amoynt of total power i given biulogical specimen will absord when
placed tn an electromagnetic fleld,

Plane wave propagation characteristive in plane layered biological tiaswea say be examinad to show how
radiation s ahsorbod when the radius of cecvatuere of the tissue surface ia iarge compared to a wavelength.
The propagatton constant ky | for pover trananisatlon through biological tisaues can be written in terms of
the complex dielectric conatants vy and free space propagation constant R, in the standard form,

SNV
LN UYL

vhere the wavelengths ‘N. v Moy, ere ulgnificantly reduced in the tlasues due to the high dislectric

constants. Tablea I and *! indicate that the factors of redurtion are quite large, batween 6.3 and 8.5,

for tiamues of high water conteni, amd between 2 and 2.5 fur tixsyes with low water contant. In addition
to the lavge reduction in wavelength, there will be a large absorption of energy in the tissue wvhich can

texult tn heatfng., The abaorbed power denalty Wy 1 resulting {rom hoth fonic conduction end vibration of
dipole molecules {n the tissaes (s given hy

Bt " m

Q
o b2

L Ix} )
where £ {s the magnituwie of the electric field. One may note from the conductivities listed in Tables 1
and 11 that absorpeion in tissue of higher water coutent may be as high as 60 times greater than in that of
low water cnntent for the same electric fields, The abaorption of microwsve power will result in & pro-
grosatve reduction of wave power dennity aa the wavea penetrate i{nto the tissues. We Can quantify this by
defining a depth uf perstration d = )lfn, ¢ a diatance that the propagating wave will travel before the
power density cecraases by a factor of eI, We can see from Tables ! and 1. that the depth of penetration

for tissum: of low water content |3 as wuch as 10 times greater than ihe same paraiscer for timsues of high
uater ¢ rent.

Since each tingue in a complex biological - atem such as man has different complex permittivity, there
vill in general be reflections of wnergy batwvewu the varioua tissue {nter{aces during exposure to microwaves.
The complex reflection coefficfent due to a wave trausmitted from a wadium of compluox permittivity ‘1. 20 a
sediun of permittivity ¢ and thickneas greater than s depth of penstration is given by

- 3

The values v and ¢ for va.ious futerfaces are tabulated in Tablea ! and Ii. Note the large reflection
coefficient for an atr-muscle or a fat-muccle {nlorface. When a wave in a tissue of low water coatsat is
incident on an interface with a tiasue of high wvater content of aufficient thickness (greatar than the depth
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of penettation), the reflectel vave ta neariy 180° out of phare with the incident wave, theteby producing
a standing vave vith an tntensity sinimm near the interface. If the weave 1s propagating in & ttesus of
high water content and is (ncldent on a tisswe of low water contewt, the ampiitude of the reflecied com-
ponent fu in phase with the incident wave, thereby producing & stending weve with an iatensity saxtaus neor
the tnterface. Lf there are several layers of different tiowue awdia with thickneases lese than the denth
of ponetration for each wedium, the reflected energy and standing wave pattern are jnfluenced by the thick-
ness of wach laycr and the various wave impedancesn. These effects may be obtained from the atandard trame-
ainsion line equations. The distribution of electric fleld strength R in a given layer t»

v e ‘oll-,‘. + pc,hl (8)

vhere By (s the magnttude of the fleld and o in the reflection coefliclent. From (2), the equatfon for
wbaorhen | vver denaity In the tissve laver, we obtaln
b
hl

We -0 l.-l(\ﬂ . 'l.!nt

f

tchwan [11,19) has made entennive calculations of theae absorption distributions in various tisswes,
Tvpical dlatributions are showa tn Fig, | for a wave transuitted through a4 svbcuteneous fat medium into a
wuscle mediva.  The adsorptior ts normalized to unttv §n the suscle at the [at-wuicle interface. The relative
adrorption cutver shown remais unchanged for amaller fat thicknesses., The aevere discontinuity betueen the
cbrorbed puwer in the suscle and that iw the fat i gquite appazent. Alsp, (it can be seen that the standing
wave peaks bevome larger In the (et aml the wave penetratisn iato the muscle boconer less with incteasing
freguency. this tllurttates cleatly the dealrabllity for using frequencies lower tian the 2430 MMz ellocation
tor diathermy. Subcutanecus fat way vacy from lean than & centimeter (n ihlchwess to ae much 4w 2.3 co for
different tndividuala. Deep hesting for dlathermy requites the trenemissior of energy thraugh this snboue
tinecun fat laver ta the emacle laver. Molisus results are attatned vith nazisum heating in the wuacle.
the abauvlute values of ebaorbed power deisity { i the tin ue layars are vepenlent on incident power density,
skin thickness, and fat thickness.

* 2t con (dae ¢ B)). 1£))

Fin. 2 1)lustrates the absorbed puvwer denaity at the wuscle interface and the peak adsacbed pouer 2
density in & skin lacer 2 mm thick ae & function of fat thickneas for an facident power denaity ol i sh/ca’,
Thase values may be used to detersine the absorbed power at other locations in the muscle ani fat by relating
then to the curvea in Fig. 1. The peak absorbed pover denuity ia always maximad in the skin layer for the
plane layered sodel. This is signiffcant since the thetmal receptors of the nervous aystem are located there
and vill lndicate pain vhen the incident power denaity reaches luvels that could thermally damage the tiseve.
With surface cooling of the skin, however, by natvral envirvonmental conditicns or by controlled clinical
procedures, the temperature in-vteases may b> higher in the fat or suscle. The peak absorption in the various
tissues way vary ovor a wide range with fat thickness and frequency. It is apparent that frequencies below
918 Wiz can penetrate marc deeply into the tissue. The implications of this in terma of both radietion
hatarda and therapeutic applicationa are apparent. The firvat twn figures clearly indicaic the advantages
of lawer {requencies for diathermy, including 1) increased penetration intv the muacle tiasue, 2) less
severe standing vaves and resulting "hot spota” in the fat, and )) better controil and knowledge of the
absorbuod energy for a given incident puwer for a large varfiatinn of fat thicknesses Setween diffevent pat ' 'ata

There ia a practical lower limit, however, on the frequency that can be used. As the freguency ia
decreased, the applicator needed becomes {ncreasingly large until it {a no longer possibla to obtaln desired
selective haating patternc. 1f the applicator is not increased in ailze as frequenty ia lovered, only auper-
fictal heating will resuli. Thia has bern diacussed in detail by Guy and Lehwann {10] and Guy {11).

A problem of interest in diathermy ia the determination uf how effective microvaves are ir heating a
layer of Lune beneath a layer of mubcutaneous fat and msuscle., Fig. 3 iliuatrates heating patterna for this
case using diathermy frequenciea of 2330 MMz and 918 Nz for a 2 ¢® thick bone. The results clearly show
that the absorption in the bone ia very poor Jue to both a severe reflection and a low electrical conduc-
tivity, Since a atanding wave peak at 918 MMz occurs iR the muscle near the bone surface, we wwuld expect
sipgnificant bone heating due to thermal conduction from the muacle.

C. THERMAL CONSIDERATIONS

The ensrgy equation for the time rate cf change of temperature (°C/sec) per unit volume of subcutanecus
tissue in a subject exposed to EM fielda ia

-3
d(aAT) _ 0,239 X 10 ~ - -
dt c "’l + "- "c “bl ®

vhare W, ia the absorbed power density, W, is the uetabolic heating rate, W, is the heat loss dve to thermal
cooducttoa. Wby is the power dissipated by biond flow, all expressed in W/kg, ¢ is the thermal conducltivicy
expressed in kcal/kg-°C, and AT = T-T, {e to: difference between tissue tesperature T and the initial temp-
erature T,. The absorbud power density for tissue exposed to an EM fie'd s

v =167 olel e )
vhera o is the electrical conductivity in mhos/meter, o is the tissue denaity in g/cn". and E is the s
value of the electric field (V/m) in the tissue. If it is asaumed that blood enters the tissue at arterial
temparature T, and leaves at tissue temparature T, we may axpress blood cooling by Wy = kam cp/ppAT' where

AT' = T - Ta,cp is the mpecific heat of blood, py is the density of blood, m is the blood flow rate in

nl/100 g'm, and the constant kz e 0.698. Prior to the time the tisasue is exposed to fields, it is aasumed
that a steady atate condition exista whare Wy = d(4T)/dt = O requiring ¥y = W, + W,. According to the typical
values of the phyaical and thermal properties of tissues given in Table 111, under normal conditions the wmata-
bolic rate Wy averages 1.3 W/kg for the total body, 11 W/kg for brain tissue, and 33 W/kg for heart tissue.
According to the energy esgquatfon, we would expect to see some change in tissue tempersture due to applied

4 fields {f the power absorption denaity W, were of the same order of magnitude as W,, or wore. In fact,

the cafety guides in the United States that allow a maximum human exposure level of 10 aN/cm? of {ncadent
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power are partially based on limiting the average Wy to the average resting value of Wy, Thus, absorbed

power densities Wy >> Wy could be expected to produce marked thermal effects, whereas, pouver densities
W, €< Wy would not be expected to produce any significant therma) effects,

D. RELATIONS BETWEEN PLANE WAVE FIELDS AND ABSORBED POWER DENSITY IN EXPUSED BIOLOGICAL OBJECTS

We have already discugsed a case {n the previous section for the absorbed power distributions in planar
layeved tissues exposed to plane wave fields. (‘onsiderable insight can be gained into the relationship
between frequency, body size, and absorbed po.-r by considering spherical tissue layers exposed to a plane
wave. Fig. &4 illustrates the relative abgorbed power density patterns for various spherical tissue geome-
tries exposed to a 1 mW/emd plane wave source. The origin of the rectangular coordinate system in the
figures is located at the centcr of the sphere with wave propagation along the £ axis and the E field
polarized along the x axis. The maximum absorption and the average absorption density are tabulated on
each plot. When the diameter of the exposed object is of the order of one wavelength as measured in the
tissue, severe internal wave interference produces sharp maxima and minima in the power absorption patterns,
as shown in Fig. 4-a, for a sphere representing a human head exposed to 918 MHz radiation. The spherical
model is composed of an inner ccre consisting of brain tissue surrounded by a layer of bone and skin. When
the object is large compared with a wavelength, as measured in the tissue, the maximum absorption occurs at
the exposed surface, decaying nearly exponentially with deprth, as shown in Fig. 4~b for a homogeneous muscle
sphere with the same mass as a 70 kg man exposed to 918 MHz radlation. When the exposed subject is very
small compgred with a wavelength, but cf a mass approximating that of man, the power absorption demsity
varies nearly as the square of distance from the y axis (direction of msgnetic field vector), as shown in
Fig. 4-c. On the other hand, if the object is very small cowpared with a wavelength, but with a mass very
small compared to that of man, the power absorption density is uniform along the y axis but increases with
distance to' “rd the exposed surface and decreases with distance toward *lie opposite surface, as shown in

Fig. 4-d. ..e latter two absorption patterns for objects swall compared with a wavelength can be explained
from simple quasi-static field theory [12],

The electric field component of the incident plane wave couples to the object in the same manner as a
static electric field giving rise to a constant internal electric field which 1s 3/c* times smaller, and in
rthe gsame direction as the applied field, where ¢* >> 1 is the dielectric constant of the tissue, Superim-
posed on the constant internal electric field 1s another magnetically induced electric field component
encircling the y axis, as shown in Fig. 5. The magnitude of the latter field, which varies directly with
radial distance r from the axis, and directly with frequency f, is given by E = nfruH, where H is the magnetic
field. The H-induced E field component in a sphere with the same mass as man is much greater than the E-induced
component, whereas, for a small object with the mass of a small rodert, both components are significant. The
variation of the maximum and average power absorption density with frequency for an exposed homogeneous
muscle sphere with the same volume is shown in Fig. 6. .\lso shown in the figure is the average power absorp-
tion density per unit total surface area of the sphere. In the frequency range from 1 MHz to 20 MHz, the
absorption characterized by the pattarn in Fig. 4-c varies as the square of the frequency. This is due
primarily tr .ne magnetically induced fields.

The maximum power c¢bsorption density induced by the incident H field is denoted by the curve marked with
crosses, and that due to the incident E field is denoted by the curve with zeros in rhe range where the quasi-
static coupling approximations apply. Note that in this range, the maximum power absorption density is only
10~3 to 1072 W/kg per mW/cm? of incident power. In the frequency range 100 to 1000 M z, ianternal reflections
are significant for the man-size sphere and the average absorption attains a maximum of 2 x 10-2 w/kg per
mW/cm* of incident power at 200 MHz, which remains relatively constant with frequancy up to 10 GHz. The
waximum absorption density increases with irequency above 1000 MHz, :pproaching that produced by non-
penetrating radiation. The dashed lines illustrate roughly the frequency dependence of the total or average
absorbced power and how safety standards might be relaxed as a function of frequency if the absorption char-
acteristics in man were the same as for the sphere. The wide variation of absorption characteristics with
body «ize is 1llustrated in Fig. 7 for a sphere consisting of an inner muasle core surrounded by concentric
layers of subcutaueous fat and skin exposed to 2450 MHz plane wave 1 mW/cm® radiation. The total radius,
fat thickness and sk.n thickness are noted on the figure. It is significant to note that based on the
spherical models, .tie peak power absorption could be as high as 4.2 ¥W/kg in the body or head of a small bird
or animal but as low as 0.27 W/kg at the surface, and 0.05 W/kg 2.5 cm deep in the human body exposed to a
1 wW/cm2, 918 MHz source (Fig. 4-b), Thus, 10 mW/cm2 could be of extreme and 0.5 uwW/cm? could “e of mild
thermal significance to the smaller animal in comparison with metabolic rate. For the human model, on the

other hand, 10 mW/cm2 would appear to be of mild thermal significance and 0.5 mW/cm? would have negligible
thermal significance.

Power absorption density patterns may also be calculated for other simple tissue geometries represent-
ing portions of the anatomy. We can roughly approximate human limbs by concentric cylindrical layers of bone,
muscle, fat, and skin and express the fields in each layer by an infinite series of Bessel functions of the

first and secona kind as discussed by Stratton [13], pp. 349-374]. For example, the electric field parallel
to the z axis of the cylinder is expreased as

- 2 jné
E, nfo [Aan(kr) + BnYn(kr)]e (8)

where k {3 the wave number in the medium and the coefficients A, and B

are obtained by expanding the plane
wave source expression into a series of Bessel functions and applying goundary conditions., Similar equations

may be written for the wave polarized with the magnetic field parallel to the =z axis. Ho, et al., [14] have
evaluated the equations and determined the fields and absorbed power densities for cylinders corresponding
to human arms and Jegs exposed to pl-ne waves. The results illustrated, along with measured values in

Figs. 12, 15 and i. in "Engineering Considerations. and Neasurements' of this series, show the same increase
in muscle-to-fat absorbed power density with decreasing frequency as observed for exposed planar mcdels.

The results show an even greater depth of energy penetration into the cylindrical muscle wmodel than for
the semi-infinite model diacussed previously.
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QUASI-STAYIC PIELD COUPLINX! 10 SPMERKS ARD RiL1PS0ID8 : ‘
It was 11lustrated tn Section D that the inducad alectric fialde in a spherical tissus model emposed to
4 plane wave consists of the superposition of twn componsnts which may de expranzed by

-jmt(gl A - j% {cos ¢ §_ - com @ pin ¢ 3_)] {9)

R. ?

-!t = Z‘oa
vhere w ia the angular frequency, ¢ = c-*-—-- is ths complex dielectric constunt, €y 18 tha permittiviey

of spacs, k 1s tha frua space pronuucﬂ constant, R,0,¢ ara tha coordinates of a spharical coordinate
system, and = tha usval rectangular coordinats, all with an origin at the center of the aplwra. The hats
over the coordinates reprasant the usual unit wectors, and E; is the electric field strangth of an incident
plane wave.

The field 1s s siwple superposition of two field componenta, the first induced by the ele:tric fileld
indepondent of the magnetic field component, and the sccond term induced by the magnetic field independent
of the eloctric field component. The first term corrusvonde to an clectric field Clatributed uniformly
throughout the voluae, while the sacond is a circular elactric field psttecn about tha y axis of che sphere
which varies linearly in snplitude with the radial distance from the exis. For a tissus aphere equivalaent
in volume to that of man exposed to plane wave fieslds, the msagnetically induced terw iz usuelly an order of
magnitude greater than the electricslly induced turm. Taken 'separately, au electric field will produce
uniforn power absorption dengity and the magnetic fiald would produce & powar absorption density pattern
vatying with tha square of the radial distance from the sphera axis parallel to the magnetic field.

Similar type equations uay be derived for dielectric ellipwoids sxposed to quasi-static &lectromagnetic
fields (small compared to a wavelength in ellipsoid and surrounding medium). The electric field, Ej, coupled
to a dxelecttic ellipsoid due to an lppliad unit field is given bty Weber [15) as

T 4 - 1) (u 2-1) @ coen™a 1172 (20)

(3
-]

for an applied field parallel to the major axls snd

-1
!1 {1 + (_:_ 1) :'% (no - (uo2 - 1) c:utl\-1 uol} 11)
3
°

for a field perpeundicular to the mujor axis whers

u - colh[tanh-l a/b} 12

sad 8 = the major u-:l-nxu. b » the minor semi-axis of the ellipsoid, co = the cuomplex dielectric constant
of the madium, and ‘1 is the complex dislectric of the gllipsoid. Omne may note that the internal field is
uniforn :a for the case of the sphere and E + 1 the value of the outside field for the first case, and

e 2(—% + l.)-1 for the second case when b/a + 0. Thus, for the case where the electric field is parallel

s

to nn elliptical tissus geouetry with small values of b/a, the elactric fiald coupling can bacome very large.
. 8 11lustrates Absorbed powsr due to an electric field coupling as a function of 1./a, frequency, and

puluintion for el' . soids ugoud of muscle-type diclectric exposed to a 1 wW/cm? adiation field

(Eo = 61.4 V/m). Por bfa < 10~1 the absorpticn increases two orders of magnitude or greater over that due

to the electric field coupling to a sphere (b/a =» 1).

e
>
d3
&
3

-
E:

o,

It is important tc mote that even though the uniform inner field approaches the applied field when ¥
b/a + 0 (simulating a thin rod) that continuity of the normal displacement current requires that at the
poles of the ellipsoid . local field stremgth of

B 13)

will exist. Thus, we would axpect strong concentration of electric field strength to exist on high diel: “tric
cotstant or highly conducting objects such as wires, electrodas, or sharp objects implanted in tissue. This
will be discussed in Section ¥ of this saries.

The power absorption characteristics due to combinad electric and magnetic fields were obtained by
Durney, et al., [16] for ellipacids. When the electric field is parallel to the major axis of the ellipsoid,
and the megnetic field is parallel to the minor axis, the inducad internal field for an incident plane wave
with a unit electric field is

B =8, El-ofue It -gkiuly yi/2udy - 1+ a - o) wird) - D) s

where
B, = [u2) = 1170 (/210 fuyq + D/ (uyq -] -117 as)

U0 e//al - b2 (16)

and the (x,y,z) coordinate system is centered in the ellipsoid with the =z axis along the major axis and
the x axis along a minor axis, and again, as for the spharical case, the total field is & combination nf a
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untfora fileld induced by the elactric field (first term of Eq. 14) and a circulating sddy curraat field
induced by the magnotic fisld {the second term of the equation). Por this case, hosever, the uniform ¢lec~
tric tield induced component is much larger with increased axial ratio b/a.

e e SRS

?. FIELD GOUPLING FROM FINITR SOURCES

. 1. Aperture Sources

1f other than a plane wave source is used to expose biological tissues, the abscrbed powar density
patterns are also very dependent on source size and distribution. Many epplications of wicrowave power in
medicine and studiss on the blological effects of microwave power rsquire an understanding of the absorbed
power patterns due to tissues exposed to aperture and wiveguide sources. Guy {11] has analyzed the case
vhere a bilayered fat and muscle tissue layer is exposed to a direct coptact aperture source of width a and B
haight b. A fat tissue layer of thickness r) and dielectric constant ¢¢ in contact with a seal-~iofinice ;
muscle layer with a dielectric constant ¢f is assumed. The origin of tﬁc coordinate svwtem i3 located at 4
the center and in the plane of the aperture with the x axis parallel to height b and the z sxis in the

direction of propagation into the tissuz. The electric fields Ef  in the fat and muscle tissue may be
expressed as Fourier integrale . —_—

I N L N FO T T T T W AT WP TV

1

Ef (x,y,2) = 1 7 ° j(ux+v7)dudv
XL

2 R A Ii‘-(u.v.z)e (e%)] é

where Tf.m are the Pourier transforms of the electric fields at the fat and muscle boundaries, derived from

the boundary conditions at z = 0 and =z = z, in terms of the Fourier transform of the aperture

-

T (uv) = f_: I ®X Ef(x.y;O)e~j("x*Yy)dxdy

, (18)

The aperture field is denoted as Ef(x,y,0) and i is a unft vector along che = axis. The expressions may be

evaluated numerically and the absorption patterns plotted by means of a digital computer. As an example, we b
may consider a waveguide aperture source and evaluate it as a diachermy applicator for use at 918 MHz,

Fig. 9 {llustrates the complete heating curves in the x-z planc for a » 12 cm and b = 2, 4, 12, and 26 ca.

Heating at the fat surface for a piane wave exposure is denoted by the dashed line on the figures. The

results show that the relative heating varies from intenue superficial heating in excess of that produced

by a plane wave to deep heating greater than that produced by a plane wave as aperture size is incressed.

o L

' The absorbed power density patterns in multilayered cylindrical tisaues exposed to an aperturc source

can also be determined by using n summation of three-dimensional cylindrical waves, expressing the apertura

field as a two-dimensional Fourier series and matching the boundary conditions. Ho, et al., [17},[18] have i
calculated the absorbed patterns for a number of different aperture and cylinder sizes. Typical results are i
shown in Fig. 10 for a human arm-size cylinder exposed to a surface aperture source 12 cm long in the direc-

tion of the axis. The patterns are plotted as a function of radial distance from the center of the cylinder

for vartous circumferentlal angles ¢ from the center of the aperture. The pattern: are ncrmalized to the

valueg at ¢ = 0° at the mscle interface. The difference between the patterns in the cylindrical tissues

and those illustrated for the planc layers indicates the importence of tissue curvature when assessing the

affectiveness and rafety devices designed for medical spplication of microwave energyv.

All of the theoretical results discussed in this section strongly point to the ineffectiveness of the !
2450 MH. frequency as a diathermy frequency as pointed out in 2arlier reports by Schwan [1],[2), Lehmann , ‘
(19], and Guy, et al., [11},{20]. Although the lower frequencies of 915 MHz authorized in the United States ?
or 433 Miz authorized in Europe appear to be better choices, it appears from the theoretical data that 750 MHz i
would be the best choice. By their nature the frequencies that provide the best rherapeutic heating would i
also be fraquencies that cculd be most hazardous to man in an uncontrolled situation. :

2., Lunped Inductor Source

The type of source that has been used frequently in shortwave diathermy i{a an inductive coil designed
to induce 27,12 MMz eddy currents in tissues by magnetic induction. A great deal of insight and some quunti-
tative information concerning absorbed power can be gained through & simple theorecical anslysis of the coup-
ling characteristics of the applicator to tissve. The applicator can be analyzed by considering the case of
planar skin, fat and muscle geometry expcsed to a flat pancake coil with coordinates and parameters as defined
in Fig. 1l. Since the size of the coil ig &mall compared to the 11 meter wavelength, the mathematics can be
greatly simplified by approximating the actua: spiral coil with perfect concentric loops counnected in series

and assuming quasi-stationary field conditions [21). The vector potential, AQ. and magnetic field, H'. of
the coil are

w1 O “1)1/2 [ 1. 2 ]

A = b (1 -3k, ") K(k,) - E(k,) (19)
¢ T e & 7% 1 i

1 n ki [ , 8 - 02 - (z -+ h)2 )] 20)
H = z K(k,) 4 E(k 20

2 i/2 12 1 1

4r(e)™" =1 (ap) (a, - 02 + (2 + w2
vhere
4pa .
uiz - - 2 (21)
(c + li) + z+h)

and where K(kq) and E(ki) are ccuzplete 2lliptical integrals of the first and second kind, a; 1s the radius
of the ith loop, n is the number of locps, I is the loop current, u i3 che permesbility of free cpace, &nd
p and 3 ate cylindrical coordinates of tha point of cboervetion. ‘The magnetically induced electric field
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corponent R, may be expressed as By = juAy, vhich at shortwave diathermy frequencisy can b sem % to puns-
trate the tissuen without aiguificant porturbation since the tissues are ne':ly traasparent to .. neer-fisld
inductive componants of the coil,

The wmajor field component induced in the subcutanecus fat due to the voltiges, A“ of tha coil is
nortsal to the interfaces given by

n Aps
E o —1 & Ai{ 2 [x(n‘) - —— mx)]} (22)
l'o | 1=t [+ n’.)2 + h2’312 {p - ‘1’2 + a2

T T T TR AR

in the fat where Ex) 1-X 2
B(k,) = —5 - —5 Kk (23)
& xy

and k‘ is oimply Equation 21 evaluated at z = 0,

If we ignore the field spreading and other quasi-static field compoments because of the closs proximitcy
of the fat-muscle interface, we may obtain an estimate of ths absorbed power in the fat

3 .

[ 4 2 2, -3

g H‘ - ” [l' + l. 1x10 (28) p
% due to hoth the induction field and the significant component of the quasi-static field. )
Iy :
. Whet evaluating Rq. 24, one should keep in mind that the most desirable heating or absorption patterns
] for therapeutic purposes corresponds to ninimum relative heating in the fat with maximm relative heatiug 3
2 and depth of peaetration into the muscle., PFig. 12 illustrates the calculated results for tissues axposed ;
< to a flat coil with the same wire thickness and radii of turns as a typical commercial applicator. Three E
) concentric lcops provide the closest approximstion for this case. With such few turns, it is more convenient §
- to assume that the total applied voltage calculated from the coil current and inductance was distributed 3

equally between the center and the inner and outer loops. A coil currcat of 1 A, a Zat thickness of 33 - 2 ca
and a spacing of 3 cm between the applicatnr coil and the surface of the fat sre assumed. The rasults show
that the coil induces a toroidal heating pattern with a meximum heating of 0.683 W/kg in the muscle at a

radial distance p = 5.5 cm from the coil axis with a penetration depth (dapth where heating dropa by a factor :
of e~¢ from the maximum) into the muscle of about 4 cm. The maximm heating in the fat which occurs on the %
axis 1s approximstely one-third that of the muscle. A seccnd lower peak occurs in the fat at p = 5.8 cm, ;

The former is due to the coupling irom the electric field induced by magnetic coupling. The value of heating
for other values of coll current may be abtained by multiplying the results given in the figurs by the square
of the coil current. The value of coil current varias according to the power output setting of tha geamarator, ;
the spacing between the coil and the patient, and the geometry of the exposed tissue.

L iilis 204

REFERENCES

Riei gt - it

1. H.P. Schwan and G.M. Piersol, "The absorption of electromagnetic e«nergy in body tissues, pt. 1," Amer.
J. Phys, Med., vol. 33, 1954, pp. 3171-404,

et MR b QL

2. H.P. Schwan and G.M. Piersol, "The absorption of electromagnetic energy in body tissues, pt. II," Amer.
3 J._Phys. Med., vol. 34, 1935, pp. 425-448.
3 3.

H.P. Schwan, "Electrical properties of tissues and cells," Advan. Biol. Med. Phys., vol. 5, 1957,
pp. 147-209.

¢ 4. B Cook, "The dielectric behavior of some types of human tissues at microwave frequencies," Brit, J. :
F Appl. Phva., vol. 2, 1951, p. 295. R
f 5. H. Cook, "Dielectric behavior of human blood at microwave frequercies," Nature, vol. 168, 1951, p. 247. 7
§ 6. H. Cook, "A comparison of the dielectric behavior of pure water and human blood at microwave frequencies," .

Brit., J. Appl. Phys., vol. 3, 1952, p. 249. ;

} 7. ¥. Cole and R. Cole, "Dispersion and absorption in dielectrics," J. Chem. Phys., voi. 9, 1941, p. 3. ‘

. 8. H. Schwan, "Alternating current spectroscopy of biological substances,” Proc. IRE, vol. 47, November
b’ . 1959, pp. 1841-1855.

9. H.P. Schwan. Therapeutic Heat and Cold. New Haven, Conu., Licht, 1965, pp. 63-125,
10.

A.W, Guy and J.F. Lehmann, "On the determination of an optimum microwave diathermy frequency for a direct
contact applicator,” IEEE Trans. Biomed. Eng., vol. BME-13, April 1966, pp. 76-87.

11. A.W. Guy, "Electromagnetic fields and relative heating patterns due to a rectangular sparture source in

- direct contact with bilayered biological tissue,” IEEE Trans. Microwave Theory Tech., (Special issue on
r 4 Biological Eifects of Microwaves), vol, MTT-19, February 1971, pp. 214-223.

ST R, -

12. J.C. Lin, A.W, Guy, and C.C. Johnson, "Power deposition in a spharical model of man exposed to 1-20 MHx

EM flelds," IEEE Trans. Microwave Theory Tech., vol. MTT-21, no. 12, Deccmber 1973, pp. 791-797.

13. J.A. Stratton. Electrosagnetic Theory. New York, McGraw-Hill, 1941.
14,

H.S. Ho, A.W. Guy, R.A, Sigelmann, and J.F. Lehmann, "Electromagnatic heating patterns in circular cylin-
drical models of human tissue,” Proc. 8th Int. Conf, on Hed, and Biol. Eng., Sass. 27.4, Chicago, Il1l. 1969,

15. E. . r. Electromagnetic Fields, Theory and Applications. Vol 1, Mapping of Fields. New York, John Wiley
& Sons, 1950, pp. 507-510.

16. C.H. Durney, C.C. Johnson, and H. Massoudi, "Long wave-length analysis of plane wave irradiation of a _j‘
prolata spheroid model of man," IEEE Trans. Microwave Taeory Tech., vol. MTT-23, no, 2, Fabruary 1975,

ten : PRRERTROE CTEREUREE ST St
. T e Al Al d e kb e R bt s T
g s s s Aok 4

e LR Sk e s A R RTE




pp. 246<153,

17. N.3. Bo, R.A. Sigelmsun, A.W. Guy, avd J.V. Letiwwn, "Rlectromegnetic heating of eimulstad hunas 1inbe
by apertuts ecurces,” Proc, 23rd Ann, Comf, om Rig. in Med, sed Bioi., Wesh. D.C., 1970, p. 199,
18,

H.8. Ro. AW, Guy, R.A. Sigelmann, and J.F. Lehmann, "Microwave hesting of simuleted humau linds by

aperturs sources." 1ERE Trans. Microwave Theory Tech., vol. NTT-19, Pebruazy 1971, pp. 224-231. \
. 1%. LR ;‘eh:::n. Bandbook of Physical Medicine and Rashabilitation. Thilsdelphis, Ps., Saunders, 1978, 1
3 PP, $73=343, 3
; 20, AN, Guy, J.F. D:Mn. J.A. NcDougall, and C.C. Sorensen, "Studies on therapeutic hesting by electro- %
F magnetic enmergy,” Tnsrm:ul Problems in Biotechnology, New York: ASNE, 1968, pp. 26-43. :
: 21. A.W. Guy, J.F. Lehmanu, and J.B. Stonebridge, "Therapeutic applications o1 electromagnetic powar " 3
Proc. IEEE, vol. 62, no. 1, January 1974, pp. 5$%-73. . 1
: 22. C.C. Johmaon and A.W. Guy, "Nonionizing electromagnatic wave effects in hiological materiale and 3
systems," {Invited paper), Proc. IERE, vol. 60, no. 8, Juns 1972, pp. 692-718. 1
i 23, A.W. Guy. Blologic Effects and Health Hazards of Microwave Radistion. Warsaw, roland, Polish Madical
i; Publishars, 1974, pp. 203-216.
i
i |
4 3
; TABLE 1 Properties of Mcrowaves in 2iological Medta® ;
E Muscle, Skin, and Tissues with High Mater Content i
—r 1- 3
Frml)\cy "R'lﬁ'" Déﬂgctrac Conductivity § Wavelength Oepin of Reflection faflection
o | ] e | | O] e | ::
HT | (whos/mter) (cm) Interface Interface '
| I N U S ~
) 20,000 2,000 0.400 % 9.3 o2 | 19 K - - “
10 3,000 160 0.625 ns n.e 0.956 178 - an 1
27.12 1,106 13 0.812 6s.1 14.3 0.925 177 0.651 §-11.13
40.568 738 97.3 0.693 51.3 n.2 0.913 +176 0.652 10.21
100 300 n.z 0.8%9 7 6.66 0.081 +175 § 0.6% 7.9
200 150 §6.5 1.2¢ 8.8 “n» 0.5 ﬂ +175 § 0.812 8.06
300 ¢ 190 54 Ly 1.9 3.8 0.82% +175 3§ 0.5%2 8.1
433 63.3 83 1.43 8.7% L8? 0.803 | *18 0.882 1.08
750 0 52 1.54 5. M 3.18 o7 | e J oss2 | |
N5 2.2 51 1.60 4.8 3.04 0.772 A 0.519 4.32
- 1300 20 49 n 2.8 2.42 0.761 $ 1 0.506 3.66
2050 12.2 4 .0 1.7 1.7 0.754 1 0.500 ..
3000 13 4 2.26 1.45 1.61 0.751 +178 0.495 .0
5000 é 4 3.92 0.8% 0.788 0.74% Q17 0.502 4.05
5800 5.2 43.) “n 0.775 0.7 0.7% +1n 0.502 4.9
8000 e 10 7.65 0.578 0.413 0.748 +1% 0.213 6.63%
3 12000 3 ».9 10.3 0.464 0.343 c.743 +178 0.518 5.9%
i

* From Johngon and Guy [281.
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TABLE 11 Properties of Mcrowsves in Stologicsl Mdie®
53 rnwmcy Wevelength Dielectric | Conductivity | Wavelength Depth of Reflection Peflection
. (Miz) In Atr Constant o N Penetration Coafficivat Confficimt
(ca) (o) {neho/m) (cm) (em) Ate-Fat In wlace Fat-uscle
L 1 | %.,000 .
3 w | 300 - .- - - - - -- .-
27,12 1,106 20 10.9 - 43.2 m 159 0.660 LA/ 0.68) +189
3 40.68 738 14.6 12.6 - 52.8 87 ns 0.617 +113 0.652 +170
o 100 300 7.4% 9.1.-759 106 60.4 0.5 +168 0.6% +172
3 200 150 595 ]25.8-94.2 59.7 ».2 o458 | +168 | 0.612 | a2
; 2 300 100 5.7 31.6 - 107 [}] 2.1 0.438 + 169 0.592 +172
E B [RX) 69.3 5.6 37.9 - 12 28.8 6.2 0.427 +170 0.562 +173
" 750 40 5.6 49.8 - 138 16.8 a3 0.8 *173 0.532 174
' s 918 2.8 5.6 55.6 - 147 3.7 7.7 0.417 | « 13 0.519 | «176
= t\’% 1500 20 5.6 0.8 -1N 8.4 13.9 0.412 + 174 0.506 +17¢
: B 2450 12.2 5.5 9.4 . 213 5.2 n.2 0.406 | +176 0.50 | +178
% 3000 10 5.5 110 - 234 4.25 9.74 0.406 + 178 0.498 « 107
B 5000 8 5.8 162 - 309 2.63 6.6 10393 Je+s | oso2 | eurs
g 5800 5.17 5.05 186 - 338 2.29 s.2¢ Joass Jews | oos02 § o1
8000 k4] 4.7 255 - &3 1.13 4.6) 0.3N +176 0.513 +1
7{ 10000 3 4.5 324 - 549 1.41 .39 0.363 +175 0.518 +174
3 * From Johnson and Guy [22). )
3 &
£
TABLE IT1 THERMAL AND PHYSICAL PROPERTIES OF HUMAN TISSUELS *
3 , k
3
- Tissue Sub- | Specific Heat Density Metadolic Thermal
script ¢ e Bleod flow Conductivity 3
] Keal/kg gu/ec Rate W) te (m) L ﬁ
:. Nfkg /100 gm-ain wi/&a.%C :
k skeletal wuscle [ ] 1.07 4.4 3
7 & (axcised)
i & -
: - [iesg) woecle | .83 0.7 2.7 6.42
F : fat ' N 0.93 2a! J
: T
i beas(cortical) be .3 1.7 14.6
1 ; bome (epongy) [ n 1.25
{ , bloed bl .93 1.082 5.06
3 ' heart muscle - A X] 84
braia{encised) | 1] 3.0
bratn(living) br 11 3 8.03
K.
4 Ridoey 1 20 420
; . liver 1 6.7 $7.7
: : A 23
: skin(livieg) [ 1 12.8 4.42
h‘. N’ ! 10’ .o‘
(1) For pig
(2) For human

*From Guy et al (221,
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RELATIVE ABSORNBED POWER OENSTY
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1 Relative abucibed pover density patterns in
plane fat and wuacle layers expoued to a
plane wave source. From Johnson & Guy [22])

Fig. 2 Peak sbsorbed pover denyity in
plane skin and muscle layers as a
function of fat thicknesa.

From Johnson § Cuy [22)
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Fig. 3 Relative absorbed pover denaity patterns

in plane fat, muscle, and
hone layers axposed to a plans wave sourc

e. PFrow Johnson & Guy [22]
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Sketch depicting how slectric and wmagneti-
cally induced electric fields add in exposed
tiasue sphere ot produce absorbed distridu-
tion pattern. From Guy [23)
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radius in spherical tissue layer -odoi
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vave 1 wW/cel source. From Guy |23]
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SUMMARY 3

Studies of the Siclogical cffecta of electromagnetic radiation (EMR) exposure uiten cite lens opacificas
& tion as &4 major threat to man, The purpose of this paper is to analyze, collectively, the EMR ressarch
studies on ocular effects and provide an overview of the practical aspects of this probhlem today,  ihe
principal conclusions trom this effort are: (i) The acute thermal insult trum high intensity FMR fielus
is cataractogenic if intraocular temperaturen reach 4-.55%2 C, (2} The EMR exposure threshold is

about 100-15%0 mW 'em applied {or about £0-100 minutes, (31 Thrre doex not appear to be a cumulative
effect from KEMR exposures unlees each single exponure is sufficient tuo produce some irrepatable

degree of injury to the eye,

(AT g T,
-
-
=5 i S SN ot il

b bl Tty b o i

INTRORUCTION

SRR Miat o Al il

Al e

! The fact that microwaves can pro .ce leaticalar vpacitivs ot the vye has bheen known for uver two .
- decades {1-t),  In any gencyal asse ent of the holugical effccts uf electromagnetic radiation fields, j
thke eye is often identified as the vl orpen of concern, However, the Lulk of available experi-

moental evidence (7101 supporte «. Jtwon that electromagnetic dnicrowave/radiofrequency) radiatior ;
(EMR! _«posures greate: than 120 W Jem? tor periods longer than an nour are required to produce lena ; i

'r‘ﬁ

apaciiication, Validation and acceptance of this threshold value tor EMR cataractogencsis have a pro-
found effect on future rescarch needs to assess the tnasequencer of tman’a exposure in EMR fields, HE.
)
EVIDENCE OF EMR CATARACTOUENESIS
Numerous expe iments have beea conducted to determine the EMR thresholds for production of 9
lenticular opacities as & function of frequency, power denaity, and ¢« xposure time, Extensive reviews
of such data are reported in the cpen literature (7, 8, 11), The fullowing takle provides a summary of F

research findings and conclusions of representative studies,

SUMMARY OF EXPERIMENTAL EVIRDENCE OF EMR CATARACTOGENESLS

Investigator/ Freq. ;
Refs Author, Date (MHz} Animal Exposure Profile Results/Conclusions
2 Richardson 2,400 Rabbits 100 W output, eyes 3 em 12 0f 54 irradiated eyes 3 g
A.W,, 1948 10,000 from source, ten pai developed lenticuiar 1 H
posterior pole of lens ar opacities, Concluded - 4 3
Ligh se 880 thermal effect, ¢
3 Oshorae, 2,450 Dogs Eyes e*g"sed to 350.45n No evidence .0 maoe te } 3
S. L., 1948 mW/emé for 20 min per the eyes, : ’
exposure over J-wenk i
period, i
5, 6 Daily, L., 2,45 Dogs 100 W output, intiaccular Anterior cortical cataracts }
1950-1952 Rabbits ter.p rise 32 C in dogs, developed in 24 hrs and re- 2
Repeated expoaures with Rressed over 9 wks, Pos- N
-5 inches space between tervior cortical cataracts ‘
“C'" directcr and cornea  developed (iver 9 wkas, L
for 10-30 minutes, Under same exposure con- 3 g

i dodard oo

6-10 exposures of the
eyes of dogs to 300G
mW/cm? for 30 min,

ditions for rabbits, 7 of 17
albino and 3} of 17 pigment-
ed rabbits develuped cata-

racts,
rai 2t~ chow any ocuiar
damage.
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SUMMARY (Continved)

12, 1)
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8, 14

8, &

7. 8

23

16

T, 8

Iavestigator/ Treg.

Richardson 10,000 Rabbite
A.W,, 1931
Williama, ¢,4%0 Nabbite
DB, 1998
Addington, 200 Guinea
G, pigs
1988, {98 Dogs
Mice
Cogan, D, G,, 400 Rabbita
1958
Carpenter, 4,450 Rabbite
Rl Lo [ l9$5-
1960, 1968,
1972
Reider, D, R, 20  Primates
197
Birenbaum, 3,500 Rahbdits
L., 1969 (800 -
6, 300)
Baillie, 2,500 Dops
H.D., 1966
Michaelaon, 2,800 Rabbits
S. M.,
1961-1974
2,800 Dogs
1,280 Dogs

-Eapesyre Profile

Re ogﬂg[;ogchumu

3407 W output, puleed
exposures, J«% min, at
3 ¢cm distance,

Y min at 390 mW/em? to

90 min at 290 mW/cmd,
Intraocular temps,
49.53° ¢,

Free space expos:res uf

30 to 330 mW/cm?, 60
min/day; 3, 5, or 7
day/wk or continuoualy

for periods up to 45 wha,

Average increase in
rectal temp <2° F.

60 mVllemz within wave.

guide and in free space

30 mw/em? to 120
mW/em®, | hr/day for
20 consecutive days.
Continuoua (CW) and

Pulaed (P),

Four rhesus monkeys ex-

pused to pul!od fields
180 mW/cm

1.0 exposures to pulsed
fields, €2 exposures to
CW fields.

5000 mW/cm‘e exposures
under hypothermic con-
ditions (cooled to 22° C),

Freas space expogures
220-240 mW/cm® for
one hour,

Pulsed exposures at 165
mW/cm® for 3 hra in a
single exposure or

6 hr/day for 3 wks,

Pulsed fields ai 20, %0,
or 100 mW/em®,

6 hr/day, 5 days/wk,
2-4 wks,

for 4 hours,

16 of 21 rabbits develaped
opacities within 60 days.

Cataracte developed over
1-14 day latent pariod.
Threshold ~120 mW /em?,

No evidence of le..s change
cauld be found

No cataracts produced with
whole body exposures ne.r
letha! levels,

Cataract threshold =120
mW/cem® for cumulative
exposures, -6 day latent
period for sppearance of
cataracts. CW vs P enpo-
aures inconclusive,

Eye examination ), ¢, & 7
days postexposure and
weekly for 8 weeks re-
vealed no ocular change.

Thresholds for cataracts
similar to Carpenter data
(~120 mW/ecm®), latent
period 4 days, No detect.
able dilference between P
and CW exposures, Effec-
tiveness of radiation
diminished with decreasing
frequency.

Without cooling, immediate
and delayed cataracts were
produced, Under hypother.
mic conditions no cataracts
were produced even with re-
peated exposures. Con-
cluded - Cataract produc-
tion is thermal effect,

Produced vapid and com-
plete opacification (alac
profound thermal sffects
were observed),

Did not produce any lenti-
cular changes for several
yeara after irradiation,

Periodic examination for
12 months after exposures
did not reveal abnormali-
tiea of the lens or retina.
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SUMMARY (Continued)

53

Investigator/

Refs Authur, Date

Frey,
(MU

Animal

Exposure Profile

T, 8 Michaelson,
S, M.,
el .10ty

9, 10 Cuy, A, W,,
1974
aramar, B,
O., 19?s

24 Williams,
R. L. 194

21 Applcton, B,
1975

24,000

2, 800

2,4%0

2,450

2,450

914

2,450
2,60

3, 000

ogs

Dugs

Rabbhits

Rabbits

Rabbiis

Rabbhits

Rabbits

Rabbit.

Puleed ficlds, ~ 6
he/day, S days/wk, or
~16 hr/day, 4 days/wk,

for 20 munthe, (In these

expusutes the doge were
free to move around,)

Single or fractionated
-:ponur!n to 150
mW/cm" for 20 min,

Single or fractionated
leol\llii to 700
mW/em® for 20 min,

Exposure hvzh from
~100 m\¥/cm® to %00
mW/cm® {or 10100
minutes,

Exposed to rame
exposure levels under
hypothermic conditions,

Exposure levels - 100
mW/em?, 30 min/d Yo
4 days; 100 mW/cm®,
¢0 min/day,_5-9 days;
100 mW/cm?, 120
min/day, 8-9 days,

Exposure 1400 m\’l/ccmz
for 30 min,

Multiple exposure CW
and pulsed, 225
mW/em®, 20-30 min
daily for up to 5 weeka,

100 or 200 mW/t:m2
for 15 or 30 min.

300, 40Q, or 500
mW/cm® for 15 min,

Results/Conclusions

No eye abnormalities in
lens or retina,

No permanent lenticular
alterations,

Resulted in lens opacifica-
tion,

Exposure threshold for
cataract production wae
150 mW/{em™ ‘or 100 min.
Data suggest critical
temperature {or cataracto-
genesis is ~43° C,

Concluded that single po-
tentially cataractogenic
exposures will not injure
the eye under conditions of
coatrolled general hypo-
thermia, Concluaion -
Heat alone is responsible
for damage to the lens
following single, high-level
irrvadiation,

Periodic exama for aix
months aiter exposure
revealed no ocular damage,

Concluded threshold for
cataractogenesis is higher
for this frequency when
compared to 2450,

Radiation did not appear to
influence the normal cor-
nea, No detectable efiect.

Examination daily for 14
days, weekly for one
month, and monthly for

a year revealed no ocular
changes,

Acute acular changes
during exposure. Anima:
deaths occurred u‘?r 30
min @ 300 mW/cm d
15 min @ 500 mW/cm®,
No lens changes or cata-:
racts were noted at one
year postexposure,

P
.

o T d ke

s e skl b

3
i
i

i
X



S SRR TR T S

B ST el S S A LA

SUMMARY (Continued)

Investigat. . Freg,
Refs __ Author, Dat. __(MHz) Animal Exposure Profils Results/Conclusions
26 Wwilliams, 2,450 Rabbits 250 mW/emz. 20 Electron microacopy re-
e R.J,, 1975 min/day, 5 day/wk vealed prominent ultra- .

for o wke, 165 structural changes in
mW/em®, 20 min - one lens that had
2 times daily, § appearad normal by slit
day/wk, for 3 wks, lamp biomicroscopy.

The fact that these studies werc conducted over a span of 25 years poses some difficulty in compar-
ing the research results and conclusions, particvlarly considering the lack of quantitative dosimetry in
some of the eariier investigations., However, taken collectively, they reveal certain consistencies
which must be considered in an analysis of EMR cataractogenesis. The acute thermal insult appears
as a primary mechanisin for producing eye trauma leading to lcns opacities, but is sffective only above
some power density-time threshold. These stndies indicate this threshold value is greater than 100
mW /em® applied for more than an hour, Although most of the experimental work has been conducted
using 2450 MHs radiation sources, the data zuggest that lower frequencies require more intense radia-
tion exposures to produce comparable lenticular damage. This is logical from the standpoint of thermal
insult since EMR energy transfer to biological tizsue is frequency deperident, with the higher frequen-
cies producing the maximum energy density,

The studies conducted under hypothermic conditions provide remarkably strong evidence that heat
pe alone is responsible for ocular lens damap: following ringle high-intensity EMR exposures. Thus,
¢ time of exposure is also a critical parameter for lens injury.

In studies xherc the radiation was applied to the whole bady of the animal, lethality often resulted.

» In a practical sense, this should redu:~ the concern foy a..te eye injuries from EMR exposures,
Studies such as these cause guestionr to be raised concerning the selection of test subjects and extrap-
olation of the research findings to man, However, it is believed that the EMR exposures used in these
experiments represent a worst case biological insult, i,e,, these exposures were more traumatic to
the animale than they wouid be to man,

Lt
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Many different types of retrospective studies have been conducted in an attempt to gain useful data
from actual or suspected exposure of human populations to EMR fields, One nf the earliest of such
studies was performed in 1943 (7, 8, 17) on 45 military radar operators. In 1958, another study of
335 microwave workers was reported (7, 8, 18). Neither survey revealed any significant findings, A
more extensive but different type of study (7, 8, 19) of the records of 2,946 World War II and Korean
veterans treated by the U,S. Veterans Administration Hospitals for cataracts compared to those of
2,164 veterans without cataracts was made to determine if the cataract incidence could be related to
greater occupational risk (exposure to EMR), It was concluded that the group occupationally exposed
or associated with microwaves exhibited no increased risks of caturacts, References 7 and 8 discuss,

in detail, the major controversies concerning the interpretation and validity of a number of occupational
surveys and irdividual case reports,

In spite of repeated attempts to analyze and apply (1ta from retrospective studies, little has been
gained from such efforts. lowever, the following general observations are worthy of consideration:

(1) Human data alone does not provide conclusive evidence that EMR produces cataracts in man,

Mt e abde A

(2) Som= surveys may indicate statistically significant increases in lenticular defects in microwave
workers, but none has shown any clinically significant defects in terms of decreased visual acuity, i.e.,
no apparent loss of functional vision.

(3) Case reports of diathermy treatment in the area of the eye using multipie exposures at power
3 densities of 80-240 mW/cm? did not result in production of cataracts,

(4) The exposure levels with which clinically significant cataracts have been tenuously associated
indicate the cataractogenic threshold is over 100 mW/t:rn2 for man.

(5) Human populations, including groups that work with or near EMR emitters, are rarely subjected

to fields having average power densities greater than about 1 mW/cn:2 and in most cases the fields are 2
lower, {

DISCUSSION

Interpretation and significance of controlled research studies and retrospective surveys of various

population groups will be debated {»r many years to come, The controversies will include applicability
of specific laboratory procedures used to administer and measure EML. fields and the tools and
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technigquas used to quantitate biological response. The current state-of-knowledge concerning EMR
effects on the eye may be summarized briefly as follows:

The acute thermal insult resulting from EMR expoaures is believed to be the predominant mechanism
responeible for the production of lenticular opacitiss in the eye (7, 9). It appears that intraccular tem.
peratures in the range of ~453P C must be reached before opacities develop. Thus, cumulative effects
of EMR exposures would not be anticipated unless each single sxposure exceeded the critical threshold
level necessary to produce some degroe of irrepavable injury, Based on the experimentsl evidence
surnmariked herein, the threshold level is greater than 100 mW/cm? apnlied for more than one hour,

A latency period of several days is indicated for the development of cataracts. Additionally, Michaelson
reports (7), '"No one hap yet been able to produce cataracts even by repetitive exposures when the power
denaity is really below thresheld. "' Applutors, who has been actively engaged in clinical surveys of nu-
mersus military population groups (20) and microwave research studies (21), further states: ''1, Lens
darnage prabably has not accurred in humans from cumulative exposure to low levels of microwave
energy. 2. Lens damage probably could not occur in a hurnan from acute exposure to microwave
eergy without associated severs facial burns. " {22),

While the ernphasis in past resexrch studies and in this paper is on acute EMR cataractogenesis,
future studies of the effect of EMR on the cye should consider more subtle indications of energy transfer,
such as alterations in lens protein and/or ultrastructural changes, and any possible long-term adverse
conseguences (25, 20),
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tndocrire and Central Mervous System [ffects of Nicrowsve Enposure

w

Sol A, Michaslson
University of Rochester
School of Medicine and Dentistry
Department of Radiation Blol and Biophysies
MM"I'. New York ‘“ U.S.A,

Functional altsrations in the neurcendocrine system of both animals and humens exposed to microwaves
have been reported by severei investigators. The findings include changas in the secretions of the
plituitary gland, adrenal corten, thyroid gland, and the gonads. In must cases, the endocrine changes
attridbuted to microwave sxposurs have not been adsquataly documsnted. The findings of a Yerge nutber of
studies have deen used to ovarstate thu conclusions, or derive smsumptions incompatible with the cybernetic
mode! of the function of the neuroendocrine system. conflicting and Inconsistent results of resesrch and
observations by various investigators also exist (1).

Soms investigators belleve endocrine changes result from stimulition of the hypothalamic-hypophysia!
system dye to thermal interactiors at the hypothalamic or inmediately adjacent levels of organization, the
hypophysis itself (pitultary), or the particular endocring gland or end-organ under stucy. According to
other investigators, the observed changes have been interpreted as being the result of direct micruwave
interactions with tha central nervous system,

HYPOTHALANIC-HYPOPHYS | AL ~ADAENAL AEIPONSK

Severa! investigators have reported biochumical and physiological changes as & result of microwave
upown which suggest an adrenal effect. Three and 24 hours after dogs were irradiated with JO00 MHz,

10 mi/cm?, the corticosteroid content In thelr blood increased by 107 and 1502 above the original level,
while blood potassium was down 5-10% and blood sodium up by percentages in the same range (2). Suscepti-
bility of rats to microwave exposurs was sharply increased | week cftor bilatera) sdrenalectomy (2). '

The pituitary gland in female mice wxposed to 3000 Mz (10 mW/em®) twice daily for § conths, preserved
its gonadotropic function, although its activity was reduced in comparison with that in nonexposed animals
(3). Tolgskaya and Gordon (&), In discussing the dynamics of changes in the neurosecretory function of
the hypothalamus noted the reversibility of the process when exposurs is terminated.

In rats exposed to microwaves of varying intensity, no quantitative changes In cortinosterone ware
found in the adrenals and blood plasma. Prepubesscenc ~ats with the pituitary removed displayed no diffarances
in adrenal growth rate when treated with pituitary b - snates collacted from rats exposed to microwaves
as wall as from control rats (1). Rats exposed to I : hizz (CW), 10 m/cm® for & hours, showed no change
in adrenal weights, phenylethanolamine=N-methy! transrcrau {PNMT) activity or epinephrine lavels (5).

Aftar 16 hours of exposure (0.4°C increase in rectal temperature compared to controls), howevar, dacrease

In adrenal spinephrine (322) was significant and PNNT activity was eluvated 253. There ware no statistically
significant differences (p >0.1) between exposed and sham-exposed animals in adrenal or plasma cortico-
sterone leve'!s. I!n agreement with these findings, no significant changes were noted in numbers of
circulating lymphocytes or eosinophils, The author suggested that although sosinophil and lymphocyte

counts, as well as direct mpasurements of adrenal and plasma corticosterons failed to document a pltultary-
adrena! response, tha decreased adreral epinephrine levals and elavated PNMT activity probably indicate

9 adrenal epinephrine relsase and by compensation, augmented epinephrine synthesis via sympairhetic nervous

2 system stimulation. It should be noted, however, that similar alterations in epinephrine levels hava

. been noted to occur in rats subjected to a stressful situation, such as immobillzation or acute sxposure

3 to cold.
% Patrov and Syngayevskaya (2) suggest that the enhancement of corticosterold activity during and after
irradiation could be an sdaptive reaction. Some animals develop inhibition of adrenal-cortical function
(corticosteroid activity), attended by a decline in resistance to microwaves reflecting insufficient ACTH.

\ . Increased resistance may be related to an increase in the secretion of ACTH, which would also be an adaptive
3 ' reaction of the organism. This is supported by the finding that the resistance of some animals to micrciaves
¥ : is slightly increased when ACTH is administered,

HYPOTHALAMIC-HYPOPHYS IAL-THYRO I D RESPONSE

o,

The literature affers comparatively few experimental studies of the effect of microwaves on the thyroid.
Rats exposed to various regimens of microwave radiation (2450 MHz, CW, ) mW/cm® continuously for 8 weeks
or 10 mW/em®, 8 hr/day for 8 weeks) were evaluated in terms of thelr thyroid and thyrotropic activity. No
alterations in structure or function were noted which could be ettrlbutcd to & specific effect of microwave
radlation (6). On the cther hand, a stimulatory in’luence of 5 mé/em® on tho trapping and secretory
functions of the thyroid gland of rabbits has been reported (7). These functional changes were In agreement
with altered hist lagy of the thyroids.

The ability of the tayroid to concentrate lodide, as measured by the ratio of accumulated thyroidasl
{ 131} divided by the concentration of sarum '3!), 1/s (. "), was reduced in rats exposed for 16 hours tc
; 2450 Mz (CW) at fiald intensities of 20 and 25 md/cm?, but the reductions were not statistically significant
(5). In these animals there vas a 1.0°9C-1.7°C Incrnsc in rectal temparature relative to controls. Serum
; prot.ln-bound lodine (P81) ard thyroxine levels were slightly but not significantly docrmud at 10, 15,
F : and 25 m¥/cm? after 16 hours of irradiation (p >0.05). Exposure at an intansity of 15 m/cia? for 60 hours
) produced a decrease in PBI of 23%, and a decrease in serum thyionina of 353, both of which ware statistically
significant at the 0.05 and 0.005 confidence levels, respectively. Results of rectal temperature measure-
ments after 16 or 60 hours d.monstntcd only a slight ana statistically insignificant temperature rise up to
a fleld intensity of 20 mi/cm?. Above this level, the recta) temperature increased sharply (5). The author
suggests that these results could be due to a primary affect on the thyroid, the pituitary, the hypothalamys,
or any combination of these. Although the temperature increase was rot marked, the author does ncte that
at this exposure lavel {15 mé/cm?) there was a 0.50C £ 0.3 (SEM) rise in rectal temperature after . 60 hour
exposure.

Indirect evidence has been obtainad of some protective influence of iowersd general and tissue metabolic
rate following hypophysectomy on the time-related lethal exposure of rats to microwaves (8). The survival
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time of nurmal rats exposed to microwaves wes largely & function of body massi suevival time per unit of
body welght was significantly longer in hypophysectomizes than in normal rats.
increeasad radioactive iodine uptake (RAIU) hes baen cbsarvad in dogs eaposed to 1200 or 2800 MMx pulsed
microwaves, 100165 mid/em® (9). This was felt to be a result of Increased thyrold stimulating hormone (TSH)
duo to therma) stimulation of hypothalamic~hypophysial activity. The microwave gffect on thyrolid response
was transient since repested thyrold '?!1 uptehe studies revealed o return in 1| yptake values to rormal
lavels. After daily microwave exposure of | to 5 weeks duration at 20 or 50 mid/cm®, soms dogs had an incsesse
in Y1) yptake. The relationship of P! ypteke to ,lnnd time following 20 acd 50 mi/em was 111=defined,
whareas following a single 100 mé/cm® enposure the ''!) upteke Indicated o time-re'ated affect.
it has been reported that microwave exposed workers have developed enlargemen: of the thyroid gland s
we!l as an increased MAIU, but in Some cases without clinical symptoms of hyperfunction (10). It was not pos-
sible, howaver, to establish corralation between the amount of thyrold activation and each individual's migro=
wave exposure history. Because of Inadequate controls, inapprepriate contral matehing, and other ressons,
the data ad presented could as easiiy represent the sormal inclidence of these particular clinica! findings
in this particular occupations! pupulation.
: D'Yachenko (11) describad the results of a study of thyroid function in 3§ men,24 20 39 years old,whe
operated microwave equipment {centimeter band) for 3 to 15 years. An "asthenic-neurosis'’ syndroms was found in
t 18 of the subjects, while an enhanced 2-24 hour ''}| upteke by the thyroid was found in all of the individuad
. The chenges in thyroid function in these subjects is attributed by the author to secondary effects resulting
from radiation=induced disturbances of the sympathetic nervous system in the vicinity of the hypothalamus.
Clinical studies and functional investigations of the thyroid by Th and T3 daterminations in 142 men
servicing microwave equipment at power density eaposures of 10 WW=-1 m¥/cm® did not reveal significant distur~
bances in thyroid function (12). A difference between ths mean values of Th and basal metabolism in the con=
: trol group compared with the subjects exposed to micvowaves was attributed by the investigators to ertraneous
£ effects, i.e. hypersensitivity of the central nervous system, since neurcvegetative disorders wara found in
61-72 percent of persons exposed to microwaves; cause-effect ralationship was not established.

Subbota (13) reviewed the influence of low ''"nonthermal't intensity microwave radiation on the organism.
Although he did not specifically discuss thyroid or other neurcendocrine changes in eaxperimentsl animals at
low levels, he did state, however, *'it may he assumed that a change in the normal activity of the central
& : nervous system is the primary link in the varicus functional disturbances, and that endocrine glend activity
changes are secondary. On the other hand, derangement of cardiovascular, gastric, and other functions is
a consequence of disturbed neuroendocrine regalation."

Petrov (14) discussed the influenze of microwave radiation at high (thermal) intensities on the thyroid
gland in experimental animals, indicating that enhanced thyroid function has generally been noted. He con-
¢luded that '"disturbances to neurchumoral regulation appear under irradiation with high=intensity microwaves
that cause an Increase in body temperature, owing to changes in the functions of the CNS and certain endocrine
glands." McLees and Finch (15) have reviewed the experimental animal data which indicate an increased RAIU by
the thyrold following microwave exposure. They also polint out that temperature elevation and heat stress have
been associated with alterations in radioactive iodine turnover rate.

In trying to assess the effect of microwave expusure on the thyroid gland, one is led to the conclusion
tha. perturbation of this endocrine organ may be the result of an Indirect effect; the thermal stress on the
3 body producing an hypothalamic-hypophysial response. This is consistent with microwave induced thermal stimu-
lation of hypothalamic-hypophysial=thyroid (HHT) activity (16). These changes in thyroid activity could be
the result of increased thyroid stimulating hormone (TSM) and/or increased metabolic activity of the thyroid
qland due to heating. Since thyroid gland activity has been shown to be altered by both sympathetic and para-
sympathetic nerve stimulation (17), the above changes could also be the result of some direct interaction of
microwaves on the central nervous system. The HHT axis, however, has been Shown to be critically sensitive
to environmental temperature (18). Thus, thyroid changes due to microwave sxposurs could be due to small
chenges in peripheral tamperature.

EFFECTS OM THE MTRVCUS SYSTEM

Transient functional changes referrable to the central narvous system have been reported following low-
level (<10 mé/cm?®) microwave irradiation. Eastern European investigators stress that the CNS is highly sensi-
tive to all forms of radiation. Although somz reports describe the thermal nature of microwives, the majority
stress nontherma! or specific microwave effects at the molecular and cellular level. It ~hould be noted, how-
ever, that changes in nervous system function may not be speclific (19), and a specific, e.g., nonthermal
microwave effect has not been exparimentally verified (20).

AR ST

Animal experiments

In one of the earliest studies on neurologic effects .f microwaves by Oldendorf (21), evidence was found
of focal coagulation necrosis in rabbits brains exposed to 2450 MHz. The first report on the effect of micro-
wave energy in the centimeter range or the conditional response activity of experimental animals was made by
Gordon et al (22). In subsequent years, the study of the 'nonthermal'' effects of microwaves gradusl!ly occupied
the central role in electrophysiological studies in the Soviet Union (23).

Baldwin et al (24) found that exposure of monkeys to 225-400 MHz was followed by signs of agitation,
drowsiness, akinesia and eye Signs, as wel) as autonomic, sensory, and motor abnormalities. There were signs
of diencephalic and mesencephalic disturbances; alternation of arousal and drowsiness, together with confirm-
irg EEG signs. The response depended on orientation of the head in the field and reflections from the
surrounding enclosure. Rabbits whose heads were exposed for 30 minutes to 3 to 300 MHz showed increased
excitation of cortical and other visual analyzers (25).

Tolgskaya et al (26) studied the effects of pulsed and CW 3000 and 10,000 MHz microwaves on rats at
various intensities. Emphasis was placed on morphologic changes. The more pronounced morphologic changes
in the nervous system following 3000 MHz than 10,000 Mhz at 1-10 mW/cm? was interpreted as svidence of a
nonthermal effect. Pulsed waves were more effective than CW. Ths greatar effectiveness of pulsed microwaves
was also noted by Marha (27).

.
3
@

E. I

Conditional response (CR). Yakovieva and associates (28) reported that single and repsuted exposures
of rats to nilcrowaves, 5-15 mW/cm®, weakened the excitation process and decreased the functional oétlvlty of
cells in the cerebral cortex. Edematous changes wers most oftten noted throughout the entire cross-section
of the cortex. The greatest number of aitered cells was noted with repeated expotures at 15 mhi/em?

Lobanava (29) summarized her findings at 3000 MHz suggesting two pheses are avident in changes in
CR during exposure, an increase in excitability of the central nervous system, |.e. a weakening of active
inhibition; and a second phase of weakened excitation, with the development of external inhibition. In &
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later study, howavar, she reported that chronic eaposurs of animels to RE in the 15%=19) Mz range for ;
4.5 monthe at “low intensity" does not have & merked effect on their CR (30).

Conditionsl response slteration has been reported in dogs anposed to SHF (3000-30,000 MMz) for I-2
hours (31). The ¢irection of changes In"intense ' radiation was, in the majority of ceses, opposite to
thet observed after'weak''radiation. At § m/ el incressed sallvation was observed as & positive CR with
relative stability of differentiation; the latent period of CR in the majority of cases war shortened with
100 si/em®., A positive CR was almost always Gepressed, and differantiations wers delayed; tests with
ropedted redistion Indicated the possible adaptation of the cortex to the EWF, In rabbits, brief eaposure
to 10 mi/em® WHF (30-%00 MNz) Intensified conditiona) responses to diffarcat stisull, wharees prolongad
enposure produced an inhibitory effect. Selective sensitivity of the brein to this frequency was demon*
strated by reversible structural changes in the cerebral corten and in the diencephalon {32, 33).

tt is apparent that Eastern Burvpean (nvestigatory have o great interest in conditicnal response
phanomgna. To understend their reports, one must read tham in the context in which they are written,
whather one accepts the precepts behind the writing or not. These Investigaturs base much of their cone
ceptual approar™ on Paviovian conditions! response techniques and incerpretation. It should be mentioned
In this contemt that an effect |s observed only in expariments conducted according to the schemes used
by 1.P. Paviov end his followers. Among inwestigaturs that have studied conditioned refliemes in different
animals, there is disagreement in the svaluation of the cbserved phenomena and their mechanism (34).

Cortical effects. Several investigators have reported that microwave eaposurs produces alteration in
the electrosncephalogrem (EEG) (32, 35, 36, 37). Stimulation is often followed by incraased amplitude
and decreased frequency of EES components, or by decreased amplitude and increased frequency. The genaral
character of the observed EEG alterstions i3 constant iaroughout & wide range of intensitius (.02 mi/cm®
to ~ 100 m#/cm®). in general, the percentage of cases evidencing alterations incresases with increasing
intensity. Howaver, 3ome investigators revaaled a greater percent of responses at .02 mW/em? than at
intermadiate intensities (37). The EEG responses show s substantial delay which decreases with radiation
intensity from about 100 sec at .02 mi/cm? to about 20 sec at 10 mW/cm?. Rabbits sxposed to 10,000 MHz,
pulsed, at S mi/cm? single exposure showed no changes in EEG tracings, but exposure to 3000 MMz, 7 mi/em?,
3 hours/day for 60 deys produced functional changes (38).

Reviewing the 1iterature on EEG effects requires awareness of cartain deficiencies in this methodology.
There is not always & ona=to-one correspondence batween functional state and character of EEG recording -
which may lead to mistaken interpretation of the functional consequences of changes in the character of
spontanecus activity a3 the result of exposure to microwaves. Spontaneous activity may be easy to measure,
but extramely difficult to interpret (39).
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Bshavioral effects. Justesen and King (40) studied the bahaviora)l effects in rats exposed in a closed
space sltuation to ZAD0 MHz. Average power densities approximated 2.5, 5.0, 10 or 1§ md/em®. A major
finding was rate of recurrence of an iterative (phasic) tongue-licking reflex. At the high level of
15 mi/em?, there invariably occurred a behavioral state suggesting flaccid paralysis. The snimal recovered
within 5-10 minutes after removal from the experimental chamber and thereafter exhibited no behavioral signs
indicative of stress. Rectal tempsrature data confirmed an impression growing from earlier behaviora)l
observations that the rat is highly variable in its thermoregulatory capability. No chronic il1 effects,
behaviorally or neurohistologicaliy, were found after fairly long-term intermittent expusures at 2.5 to
15 mi/em’.  Although some acute effects were observed, none was incompatible with the supposition that
thermal input was the only consequence of irradiation,

% Diachanko and Miiroy {41) reported a study of pulsed and low-level (W microwave radiation effects on
an operant bheharior in rats. The subjects were trained to perform a lever pressing response on a DRL

§ schedule (differential reinforcement of low rate) and tested immediately after one hour daily exposurs for

¥ one week to 1, 5, 10, 15 mW/cm? power levels of 2450 MHz while other subjects were exposed to & pulsed

§ field of 125 k¥/m. No effects were found at the ), §, and 10 mW/cm? levels, nor did the pulsed field

§ affect performance. The rats exposed to 15 mW/cm®, however, while showing no significant decrement in

+
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performance, did show obvious signs of haat stress.

in the context of behavioral effects, it should be noted that behavior is not a simple process and
that behavioral effects represent the summation of different effects in different systems. Such effects
could be a response to subtle temperature input signals which may arise in many body structures.

Effect on learning ability. Conditional response studies have indicated alteration in learning as a
consaquence of microwave exposure (31, 42, 43). Retrograde amnesia and depressed learring have been
described in rats exposed to microwaves (kk, 45). The field intensity in these studies evidently was quite
! high.
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Alternating arousal and drowsiness effects have been noted in dogs subjected to pulsed UNF fields (31).
. 1t has been Suggested that the phenomenon of pulsed energy sleep may be related to the effects described
& above (46). In this technique & low intensity current (0.2 mA) is applied to the brain between occipital
K and crbital electrodes. This current is pulsed at a rate between | and 100 pps, with & pulse duration of
0.3 ms. Under these conditions a sleep-like state (which is apparently quite similar to normal physiological

o

A, sleep) is observed in the subjects. Pulsed energy sleep has been used as therapy for psychopathologic
3 N conditions,
3 -
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Reported observations in man
. Effects in man referrable tu CNS sensitivity have been described (14, 42, 47, 48, 49). Host of the
L reported effects are subjective, consisting of fatigability, headache,sleepiness, irritability, loss of
appetite, and memory difficulties. Psychic changss that include unstable mood, hypochondriasis, and
anxiety have been observed. Compared to those in control groups, persons working in microwave fields of
various intensities complain often of a heavy feeling in their heads, headaches, fatigue, drowsiness in

4
a
i
4
1
1

i the daytime, irritability, poor memory, and a pain in the heart,usually of the aching, stabbing type.
§ Objective symptoms are bright red, diffuse, persistent dermographia, hyparhidrosis, unstable arterial
pressure, and anglapathy of the retina. Autonomic vascular instability is reflected in changas in the
@ electrocardiogram (bradycardia, disturbance in intraventricular conduction). Mental disorders such as

anxiety, insecurity, hypochondria, suicidal thoughts, and at a later state, delirium, terror, visual
and auditory hallucirarions, combined with impairment of slesp have baen reported (50). Mosi of tis
subjective symptoms sre reversible, and pathological damage to neural strustue @ is fn.ianili - -y
the reports are based un subjective rather than objective finding-. It eheuld b, ' ’ :
suffering from a variety of chronic diseases may exhibit t'.v -~ i ¢ [ :

cardiovascular systems as those reported tobearasn!:
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_mechanisms; these studies are complex and require & special investigative approach (34). Measuremant of

Soviet and other Last furopean investigators have contridbuted most of the reports on human effects of
microwave energles] the greatest smphasis s on effects produced at less than “"thermogenic' power flux
dansities (<10 mi/eml), According to these suthors, the responses of an organism to microwsve expolure
are directly or indirectly referrable to the central narvous system (14, 48, $1).

Neurgsthenie ‘l"‘i‘.ﬂ . The roported neurssthenic effects from slactramegnetic radiation have been
orgen nto categories by wavelength, organ system, or clinice! syndroms. Many of the reports in man

con be classified into categories such as: a) nesurasthenic syndroms, b) autonomic vagotonic dystonia, and
c) diencephalic syndroms (52). Al three classes of symptoms have been reported in individuals subjected
to microwave fialds of "s few mi/cm® 8 1A Thebasic symptomatology and neuropathulogy underlying all of
these syndromas is reportedly due to the functional disturbance created in the centra! narvous system
cousad by reported non-thermal' mechanisms. These effects do not appear in relation to observed rise
in body temperature, and are reported to occur at levels far below those required to produce a temperature
rise. The symptoms sre manifeited by weakness, fatigue, vague feelings of discomfort, headache, drowsiness,
palpitations, faintness, memory loss, and confusion. Such syndromes are complately reversible in most
ceses, with little or no time lust from work {(20). In contrast, other authors emphasize the resultant
time lost from work, and the necessary hospitalization (51).

in regard to "he quastion of neurasthenic responses, Cohen and White (54) have presented an entensive
review of neurocirculatory csthenia as a clinical syndrome that has implications in assessing the reported
effects of "low lavel' microwaves. Neurocirculatory asthenia presents as a familia) disorder with & mean
a9e of onset of 26 years {range 25-35 yea. s). Twice as many cases are presented in females compared with
males. The authors relate that onset of the syndrome in predisposed individuals is usually precipitated
or made worse by emotion=-provoking circumstances, medical illness, unaccustomed or hard musculur labor
{particularly if invaluntary), pregnancy, and ir various situations in military service. Exact etiologicel
relationships ars unknown, but point toward envirunmental influences and familial predisposition,

Lortica) activity. The results of long term neurologic observation of 500 persons exposed to electro-
magnetic Tle ware evaluated by RlimkovasDeutschova {55). Most frequent subjective symptoms were:

headache, fatigue and sleep disturbances. Less frequent were cases of anxiety, hypersexcitability and
vegetative disorders. The objective symptomatology was characterized by labryinthine deviations and
disturbences of pyramida! and extrapyramidal motor systems. The incidence of neurosis was significantly
higher than in controls. Exparimenta! physiologic and EEG methods showed mostly reduced vigilance ana
pathologic records independent of the intensity of the fleld. The disturbances in metabolic, EEG, an:
clinical symptoms suggest en impairment of the regulative mechanism in the mesodiencephalic region,
Proposed mechanisms of microwave effects on neural tissues

Some reviewsrs have suggested that investigations purported to show neurological effects at ‘non-
thermal'” microwave intensities do not clearly indicate whether the changes produced by microwaves ara due
to gensralized thermal effects or to more specific influences on particularly vulnerabls tissuves., The
reports of ron-thermal effects of microwaves are based on a definition of tharmal as being those effects

associated with a measurable local or whole organism temperature rise from an equilibrated baseline. Some ]

investigators, however, use the term ‘'thermal'’ in a somgwhat different sense, taking into account the fact :
that an organism can be affected :hermally without demonstrable core temparature rise.

As already pointed out, among the authors that have investigated conditional responses in different
animals, there is disagreement in the evaluation of the observed phenomena and understanding of their

behavior by operant conditioning techniques has only recently been applied to the study of microwave
radiation effects. While the study of reflex conditioning is acceptable, it must be emphasized that a
reflex respunse (knee jerk, salivation, etc.) is a lower order, mostly spinal cord performance )inked
.through conditioning to the presence or absence of some stimuylus signal (light, bell, etc.), the whole of
which forms a simple paradigm (A1), In contrast, behavior elicited :hrough opsrant techniques is of a
higher order, more cerebral! performance, varlants of which can be huilt into much more complex tasks
requiring a high degree of information integration end stimulus discrimination. In short, operant
conditioning taps a different level of behavior, for while reflex conditioning fixes a natural response to
a novel! stimulus, operant conditioning links a novel respinse pattern to a complex stimulus contingency (56).
In respect to the relationship of body temperaturs and physiological functions, it is important to

realize that temperature input signals arise in many body structures among which the following have been
identified experimentally: &) preoptic-anterior-hypothalamus, b) posterior hypothalamus, c¢) mid-brain, ;
medylla, motor cortex and thalamus, d) spinal cord, e) skin, f) respiratury tract, and g) viscara. All of ;
these except the motor cortax and thalamys have been shown to evoke bshavioral and/or physiological responses i
to changes in local temperature (57). Stress is known to ceuse the secretion of a cortlicotropin releasing ;
factor ?ERF) which stimulates the pituitary to release adrenocorticotropic hormone (ACTH) which in turn !
causes the adrenal gland to relcase corticosterone, a hormone carried back to the pituitary to shut off

the releass of further ACTH. Both active and passive types of avoidance behavior are potentiated by ACTH
and reduced by corticosterone.

Changes may be produced by means of stimulation or variation of the excitability of the peripheral and
central parts of the nervous system. Since biological objects are electrically heterogeneous and microwave-
range electromagnetic fields (EMF) have a known selsctive thermal effact on various tissues and organs,

a difference between a microwave sffect and a neutral heat effect is not necassarily due to an unknown
extrathermal factor, but might well be a function of an uneven distribution of heat in the organism which
could exert its own peculiar effect.

An electromagnetic field can be reinforced In the region of peripheral narvous tissus causing a
temperature rise, even while nearby muscle and skin show no messurable temperature effect (58, 59). When
periphera! nerves are heated above a minimum level, they may trigger spontanecusly. Thermal stimulation
of the peripheral nervous system can produce the neurophysiological and behavioral changes that have been
reported. The interaction between the peripheral nervous system and the central nervous system could
also account for reported cardicvascular effects (58, 59).

Presman (19, 48) suggests that resonant abscrption at superhigh frequencies (gigahartz range) could
cause transitions of molecules, especially protein molecules, to excited states. He also discusses
changes in the Na* to K* gradient across cell membranes, owing to different effects of microwsves on degress
of hydration of these ions, as well as changes in cell permeability by tha disruption of protein hydration
in the cell membrana, It must be emphasized that all this is speculative, with no experimental data given
in support (14). The changas In functions of the nervous system produced by microwaves are not specific.
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Such changes arg produced by any means of stimulation or variation of the encitabllity of the peripheral
and central parts of the nervous system. Hence it can be assumed that the action of microwaves on the CNS
may be dus to stimulstion or varlation of the excitability of narvous tissues. The elucidation of the
physical and chemical mechanisms of microwaves on exciteble structures involves considerable difficulties,
zlm):o the physical=chamica! mechanisms of exzitability of living tissue in general is still far from clewr
19).

MacSregor (60, 61), who reviewed the litersi.ure on the influence of microwaves on the nervous system,
has suggested possible mechanisas of "low=intensity' microweve influence on neural function:

A. Direct effect (primary offect on apparatus for neurcelectric fonic Flues).

1. Direct influence on ionic currents leading in turn to influence on transmembrane potentials
in nerve cells.

2. Locallized heating
a. changs membrane properties, thereby disrupt transport processes;
b. induce convection currents, thareby disrupt transport processes;
¢. affect processes of synaptic transmission;
d. affect processes of excitable membrane.

3. Chemica! or structural change in components of membrane, or in apparatuys of synaptic mechanisms
or of excitable membrane.

8. Indiract effects,
1. Primary effect on cel! metabolism

a. alter by heating or by structural change, proparties of membrane, thereby disrupting
nutritional transfor;

b. cause structural change in an entyme or any critical molecule at any stage of metabolic

cyele;
c. alter by localized heating, processes of metabolism at any critical stage.
2. Primary effect reflects "'stress'
4. neural response to disruption of nauroendocrine control systems;
b. neural response to disruption of any physiological process;
c. neural sensory respor..e to field directly or to localized temperature disturbances.

C. Disruption by any physical mechanism nof hypophysial, glial or electromagnetic organic control ,
systems. Intracranial electrical fields associated with low intensity microwave irradiation may inducs -
transmembrane potentials of tenths of millivults (or more), therefore, such externally applied fields may
disturb normal nervous function through this mechanism (61).

The resting membrane potential of animal muscie and nerve cells is generally in the range of =70 to
=110 mV; animal cells cultured in vitro may show values as low as =10 to ~30 mV, Due tou their selective
permeability, electrical doublc‘T}yers are formed at biological membranas which cause differences of o
potential across the membranes. Therefore, the membranes are placed within electrical fields that are S
conditioned by electrical double layers. The amplitude of tese fields is considerable. It amounts to )
10° ¥/em with a potential difference of 100 mV and a thickness of membrane of 100 K. Very high fields
would be required therefore to cause a direct effect on nervous tissue.

Microwave fields are only capable of applying a potential to a biological! membrane which is many
orders of magnitude smaller than the resting patential and, for this reason, should be unable to excite or
change normal patterns (62, 63, 64). Using a theoretica! approach, based on biophysical principles and
ela. romagnetic field theory, wave propagation and absorption in tissues, Schwan (6h, 65) calculated that
nufvous cel! membranes cannot be excited at field strengths below thermal levels at frequencies greater
thoa 100 MH2, Mambranes are short-circuited by currents of frequency above 100 MHz. The electrical field
;1 gl uhic .ists in a nerve membrane is about 500 kV/ecm. The field strengths applied by a microwave

a‘s to the - .an body are infinitely smaller, and hence, cannot evoke stimylation (63).

\ There 118 a great deal! known about the excitation of membranes by low frequency and 0C currents., In
i\ 'S¢ cases, excitation is possible with current densities of the order of | mA/em® in tissue. At higher
trequencies and particularly at microwave frequencies, much higher current densities are required to cause
excitation if it is at al)l possible. Although it is difficult to perceive, based on the above anaiysis, how
microwave flelds can affact excitable biological membranes at power densities less than those which would
cause thermal effects (63), it should be appreciated that this is only one way in which excitation of
nerve tissue can be elicited. Other direct and indirect interaction mechanisms may be possible.

Bawin et al (66) have reported that electromagnetic fields of 147 MHz, amplitude modulated at brain
wave frequencies, influence spontaneous and conditioned EEG patterns in the cat at an intensity of | mW/cm?,
which, according to the authors,does not induce an increase in temperuture. |t should be pointed out,
however, that these amp!itude modulated 147 MHz fields induced changes In the central nervous system only
when the amplitude mody’. n frequency approachad that of physiologic bioelectric function rhythms. No
effects were tc. o mod, on frequencies below 8 Hz and above 16 Hz. Bawin et al(67) have also shown '
calcium ¢fiux trom the Crick brain exposed in vitro to 147 MHz electromagnottc-flelds. amplityde modulated
at 9, 11, 16, and 20 iiz. This suggests to the authors that electromagnetic fields may induce conformational
changes of the neuronal membrane resulting in displacement of the surface bound cations.

it is apparent that the reports which claim the existence of nonthermal effects are equivocal. Addi-
tional research, especially of a more quantitative nature, is needed to clarify this point. “Spec!fic"
effects quoted in the liter-*ure are biologicaliy interesting but have not heen clearly shown to be related
tu symptoms in man (68). 1less of what the mectanisms are, the important point is whother or not the

effects attributed to the-- aanisms do indeed exist, and if they exist, tc what extent do they represent
harm to the individual.
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NICAOWAYE INDUCED ACOUSTIC EFFRCTS 1IN NAMMALIAN AUDITOAY SYSTVNS

Arthur W, Guy and Chung-Rwang Chou

Bioelectromagnetics Reseatrch Laboratory
Department of Rehadflitaticn MNedicine RJ=130
Univeraity of Washington School of NRedicine

Seattle, Warhlngton 93198

SUNMARY

Pulsed atcrovave flelde with incident energy denatties of 20 ta 40 o) per cu’ per pulee

vi ® preduce responsen in the auditory systen of man snd aninale similar to that produced by
auditory stisuli. Recent studies irdicate that cthe rospohses may Ye originated froa high fregueacy
vibratfons induced in the head n~f the exposed subject by A tranzient therual expanuion of tissue
Jdue to the rapid adeorption of the pulsed alcrowave snargy.

A. INTRODUCTION

Perhaps tha most widely obdoerved and accepied blological effect of low average pover
siecteomagnetic (EM) energy is the auditory senaation ovoked in man exposed to pulsed misrovaves.
The elffect which has been observed and studied by Frey [1-3], and Froy and Messenger [4}, for
more than a decade appears as an audibdle clickiang or buszing sensation nriginating from within
and near the dack of the head coriesponding in fraquency to the recurrence vate of the aicrowave
pulses. The effect s of great interest since it can be evoked by averags incident power levels
far below those helieved to be of thermal significance. The wechanian of the effect, however,
has remained chscure until very recently, Sommer and Von Giarke {3] originally suggested that
radiation pressure may be sufficiently high to couple acoustic energy to the {nner esar by btone
conduction, Fray [6) discounted thim hypothesis, hovsver, and did not believe that the fnkeraction
was dua to transduction of EM to acoustic snergy. Nis belief was bassd on his failure to cbaerve
cochlear microphontc potentiala associated with the pulsed microwvave stimulation of the auditery
systems of cats and guines pige and on the low levela of incident power at the threshold for
petception by the human aubject. Frey and Mesaenger [4] chaerved that the loudnese of the
sensation wak proportional to the peak power, whereas, Guy, et al., [7] observed that the
threshold of the senzation was proportional to energy per pulse. Frey [8) noted that individuals
with loss of audi{tory sensitivity above 5 kHz could not hear the pulsex and Guy, et al., £2]

found that sensitivity was significantly reduced if thare vas decreased auditory senaitivity
for frequencies abeve & kHa.

The origin and a clear understanding of the microwave hearing phenomena is fmportant since
the prement ANSY 95,1 safety standard [9] does not restrict the peak power density as long as
the power density, as averaged over any six minute period, does not exceed | mW=hr/cn?, or 3.6

joulaolcla. This is five orders of magnitude greater than the threshold level for producing an
audible sensation by a single short pulse.

The important questions that needed answers were: (1) what {s the threshould of the effect
in man and animals as a function of pulse power or energy, pulse shape, ard carrier frequency,
(2) wvhat i{s the locuz of action of the effect, 1.e., is it initiated at a central or at &
peripheral site, (3) {s the stimulation due to direct action of the EM fielda on the nervous
system, or to transduced acoustic energy acting on the auditory aystem, (4) what is the mechanism

of interaction, and (5) why must the high frequency purtion of the auditory system be normal for
the sensation to be elicited.

Recent studies accomplizbed the folloving: (1) the establishacnt of incident field and
wodulatjon characteriatics at the threshnld for auditory sensation in humans, (2) comparison
of activity evoked in four successive lovela of the auditory nervous syates in the cat dus to
incident acoustic and microwave pulses, (3) assessment of the deactivation of the cochlea, the
knowa first stage of transduction for acoustic sztimuli on the potentials evoked by both forms of
pulaed energy, (4) the establishment and quantitation of the transduction of microwave pulae
energy to acoustic energy in microwave absorbing materials by optical interferometry, and (5)
demonstration that the microwave auditory phenomenon is conzistent with and can be eaplained by
the divect conversion of EM energy to acoustic energy in the tissues from the rapid thermal
expansion of the tissues. These results, discussed in detail in the following sections, are
based on past studies reported by Guy, et al. [10] and Chou, et al. [11].

B. DETERMINATION OF THRESHOLDS OF MICROWAVE EVOKED RESPONSES IN HUMANS

The author and his collesgue scrved as subjects tu determine the incident power lavels and
pulae widths needed to evoke the auditory sensation. A 2430 MHz aperture horn source fed by a
10 k¥ wmazimum peak power generator with pulses | to 32 usec wide was used to illuminate the test
subject. The subject sat with the back of his head directly in front of the horn 15 to 30 cm
from the aperture. Placement of the subject’s head in the near zone field of the horn vas
necessary for evoking an auditory response. The "effective" avarage power denaity at the location
of the exposed surface of the subject's head was first measured with a Narda 8100 power monitor
at high pulse rates and low peak power levels as a function of incident power to the horn without
the preseace of the subject. The values for higher powers and lower pulse ratzs were obtained by
linear extrapolation from the monitored incident power to the horn in order to prevent damage
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to the meter probe. A switch was controlled by the swbject to signsl the eperater of the ramete
teensaittar vhea A8 awditury sewsstion could be heard. Prier te the tacts, otandavrd awdieprens were
takea of the subjects, as shexn :a Pig. |, The hearing threoheld of the first swdject was normal
vhile & promounced motch at 3300 Ma wie woted for doth ears of the second subject. Stailer resulte
vate obtained for both air swi bome conduction. The bechgreund molee of the sxposure chamber wes
msasured at 43 dB rv 0.0002 dyne/cu! with a sound level meter. The puloes were presented as a tvala
of three pulses 100 ms apart every secoml to safntain an average power density well below | sW/eal,
The output of the genetater was sst at the threshold where the pulees could be heard by the subject,
as tndicated by a light activated by the subject. Table 1 tlluatrates “he msasured incident peak
and average pover density and the energy denaity per pulee for subject (1) without ear plugs. It was
found that regardlevs of the peak powver and pulae width, the threshcld was related to an energy
density of 40 ul/ca’ per pulse or a prak emetgy absorption density of 16 ul/kg, as calcalated from o
k spherical model discussed im this Lecture Series "Biophvaics - Enetgy Absorption and Diatribwtion,”
Section D, The results for subject (2) wete similar except the threshold emergy level wae

i approximately (33 uglu’ . or 3 48 higher. When subject (1) used esar plugs, the threshold level

E reduced to 28 vJ/ca‘. Each individual pulse could bhs heard as a distinct and suparate click and short
pulse trains could be heard as chirps with the tone corressponding o the pulse recurrence rate. WVhen
the pulse generator was heyed manually, transmitted digital codes could be accurately interpreted by
the subject. The threuhcld for tvo pulsea withla ssveral hundred microseconds apart vas the same as
one pulae with the same tolal eiergy as the pulse combination. Though the hearing sensation threshold
teemed to be 1n variance with ihe peak power and loudness relationship observed by Frey [4], the
reaults were conaistent when pulse widthey are taken into account, as discussed in Section D.

C. DETERMINATION OF CRARACTERISYICS AND THRESHOLDS OF EVORED AUDITORY SYSTEM RESPOWSET IN THE CAT
BY ACOUSTIC AND NICROWAVE PULSES

Y S Ty

TR T AT

A series of cats, welighing 2.0 to 3.4 kg, were surgically prepared for recording potentials

: from various levels in the auditory nervous system while they wvere exposed to short pulaes of both

3 acoustic and microwave encrgy. Separate groups of cats were uied for recording from the medical
geniculate nucleus and the round window of the cochlea to compare differences and deteraine the
threshuld of eovoked potentials to acoustic and microwave stimuli. Recordings were made from the
VPL ¢f onc animal in order to asseas the cross-ayatem CNS responses to applied tactile, acoustic and
wmicrowave stimuli. Finally, the effect of cochlear disablesent on the interaction of the wmicrovave

stimuli with the auditory nervous system vas assessed. The rcaults of the experiments are
deacribed an follows.

1. The Medial Geniculate Nucleus

T T

Fig. 2 i{llustrates typical evoked responses recorded from the medial geniculate due to
acoustic and 2450 MiHz microwave pulse stimulation. The responue recordings were wade on the
% - v recorder based on A0 uverages taken with a computer of average transients,

he threshold of the 2430 Nie microwave pulne evoked reaponse 3s a function of pulse
width is shown in Table II. The thresholds for the evoked vesponses vith microvave pulses 0.3
to 10 usec in duration appear to be related to the incident energy denaity per pulse at a level
about one-half of that which produced audible a~nsations for the human exposure. The requived
threshold cnergy per pulse seems to increase with pulse width for 10 to 32 uaec duration
pulses with the exception of the 23 usac case. The puak sbsorbed energy dansity per pulse in

the head of the cat wvas measured by therwmographic methods described in this lecture aseries
“Engineering Considerations and Neasursmeuts™ Sectinn B-8,

e b sadate it istaiiviilt 20 Lt s atitl

v

Fig. 3 illustrates the thermograms taken of the internal absorbed energy density
distridbution per 20 ul/ce? of incident ensrgy density for the sacrificed cat head expozed to ;
‘ 2450 MHz and 918 MHx radiation. The peal thsorbed energy denaities corresponding to the thresholda L
; of avoked responses are also tabulated in Table II and II1, based on the thermographic data. The
? incident energy density per pulse corresponding to the thrashold for evoked responsea recorded
i from the medical geniculate body due to 918 MHz radiation, &x shown in Table IIl, differs very ;
i 1ictle from that for 2450 MHz. Fig. & i{llustrates the relative thresholds averaged over three to

five cats for both acoustic and microvave stimulf ac a function of dackground noise. The
thresholds for the microwave stisuli varied between 6-3) uJ/cm? over the group of cats. As the
nolse level wsd increased, there vas negligible increase in thresheld for the microwave stimuli,
e woderate increase in threshold for the piezoslectric bene conduction source, and a large increase
¥ in thresheld for the loudspeaker stimuli. An evoked response (1o the redial geniculate body of
3 the cat wa: aleo obtained for twe animals using X hNand pulses ul frequenciea betveen 8,67 GRz and :

9.16 GMz. Table 1V shous that the required energy par pulse to elicit the reaponses was
E significantiy higher than required for the other frequencies. For this case, the X band horn 1
E had to be placed within a few centlmeters from the exposed drain surface of the animal (through i
1 the 1.0 ca diameter electrode access hole in tie skull). ¥No response could be elicited for an :

animal in vhich the ¢lectrode access port through the skull wags limited to the diameter slightly \
X larger than the probe. VWhen the skuli was bared, there vtill was no elicited response. After
1 the hole in the skull vas enlarged, however, a responsc vas obtained.

E 2. Round Wiadnw of the Cochlea

In another series of the animals, activity from the round window of the cochlea vas
recorded in rosponase to acoustic clicks and 2450 MHz microvave pulses. The acoustis clicks
vere supplied by two methods: (1) air conduction by loudspeakers; and (2) bone conduction by a
plezocelectric crystal cemented to the skull. Acoustic stimull and microwave pulses elicited activity
at the round window, as shown in Fig. 5. The first trace of the figure illustrates the composite
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cochles microphontic aid N, and 4, awditory netve response elicited by a lowdupesher pulse from the
tirvet anlaal. The ceehl nun_ihone vas quite strony in emplitude reproducing the decaying
oscillatory response shape of the loudspeaker (wessured by optical feterfercmetry, as discussed in
Section D). WVhem the auditory systea of the semy animal wae atimulated by microvave pulses, a
ticrowave artifact and a clear N.and K, aulitory nerve response was seen, but there was fo

evidence of & cochlea microphonit as ifidicated on the second trece im Fig. 3. Vrey (6] had
discruated the role of the cochlea tn microwsve acoustic effects, partly on the basis of not
observing a micropheonic in efther cate or guinea pige. Ve have found, however, in some animals,
that the cochlea microphonic is comsiderably teduced (third trace in Fig. 3) or mot preseat at

all (fourth trace {n Fig. 3) vhen the auditory system of the animal fs stimulated by an atoustic
pulee, Purtherwore, Wever [12] hae pointed out a wumber of factors that would preveamt the observance
of a cochlear potential, especially when the stimulus intensity fe low. We cites work, for
axanple, {n which auditory thresholds {n cats, as determined by dehavioral levels, wers eatadlished
a8 daing 40 4B delow the stimulus level, fivst effective level in producing cochlear uirerophonic
potentials of sufficient magnitude to be identified with the convential oscilloscope display. Thus,
considering the fact that the microwave rulse generator is capable of only providing a 10 2o 17 db
increase {n pulse snergy over that corresponding to the threshold of evoked responses, the

abasence of a nicrovave evoked cochlea microphonic in the cat did not rule out theories based on EM
to acoustic energy traasduction. This was later resol“id by use of 4 more sensitive preparation
with bettar caergy coupling, as described in Section B, The capability of the evoked awditory
effect tn producing potentials at CNS sites other chen suditory ie illustrated ia Pig. 6. The
flret trace {llustrates the normal response recorded at the medial geniculate as a result of
acouatic stimuli. The second trace illustrakes the cross-modal scoustically evoked reaponse as
tecotded from the VPL, whereas, the third trace rspresents the normal response {n the VPL due to an
elactric shock applied to the tactile veceptors at the right forepaw of the antimal. The last

thiee traces show that the microwave stimuli will also produce the aame crosa-modal responses.
Thus, it is clear that evched potentials due to microwave stimuli could be recorded a: CNS

sites other than those corresponding to the auditory nervous system. This leaves open the
possibility that evoked potentiala recorded from any location in the CNS could be misinterpretad

as indicating a direct microwave interaction with the particular systea vhere the cecording is
nade.

3. BEffect of Cochlear Disablement on the Interaction of Microweves with the Auditory System.

Nine cats were surgically prepared for recording potentials in three brain sites evoked
by acoustic and microwave stimuli. Loci in which potentials vers observed were the eighth c.anial
nerve, the medial geniculate nucleus, and the primary auditory cortex. The effect of cochlear
disablement on these potentials was evaluated.

The subjects, wveighing from 2.0 to 3.4 kg, were assigned to three groups of thres. The
surgical preparation and Jdetails of the experiment have been reported previously by Taylor and
Ashleman, [13]). When it wvas estadblished for sach case that responsus were obtained with both
acoustic and microwave stimuli, the cochlea was disabled by careful perforation of the round
windov with a micr~-dissecting knife and aspiration of perilyaph. Both cochlea wera destroyed
in the experiments involving the wedial geniculate nucleus and auditory cortex, sites assumed
to have some bilateral representation. Cochlear destruction rosulted in total losa of all evoked
potentials, even with full available peak power used for both the acoustic and macrovave stimuli
and vith increasing number of signals averaged on the cowputar of average transiants. The data
strongly supported the contention that the wmicrowava auditory effect vas exerted on the animal in
the same manner as that of conventional acousatic stimuli. The results lead one to examinu wore
closely Frey's [3] contention that the audirory effect cannot be a result of tratsduction of EN
to acoustic energy. The following section deacribes a study aiwmed towvard jaining scae iniight
pertaining to this wode of interaction.

D. QUANTITATION OF EM TO ACOUSTIC ENERGY TRANSDUCTION IN LOSSY DIELECTRIC MATERIALS

Frey's [3; argument that the auditory effect cannot be a vresult of EN field forces on
biological materials was hased in part on an analysis by Sommers and Von Gierke [5]. The
latter authoras directly ccapared radiation pressure tos the pressure reguired for freea sound
field bone concduction threshold at 1000 cycles, Trey's threshold values for microwave induced
auditory :ffects appeared far too low to ba consistent with the radiation pressure theory. Also,
the comparison was incorrectly sade between microwave pulses and a 1000 He acoustic tone rather
than acoustic pulsea. Finally, since the microwave energy is capable of penstrating ceep into
the tissue, volume forces, stresses, and pressures can be se: up in many ways due to the sharp
field gradients in the cuomplex dielectric medium.

The threshold for audibility of narrow 20 to 500 usec airborne accustic pulaes 2t recurrence
frequenciea much less than 100 pulses per second has been detormined by Flanagan [14] %o be
proportional to th« energy prr pulse or to the product of the pulse duration and the square of
the pressure. Based on Flansgan's data, correctad for transducer characteristics, the thrashold
pressure corresponds to 1,26 x 10"% dyne/cm? for a 20 usec pulse. There is some uncertainty as
to what the bona conductirn threshold would be for pulses. According to Zwislocki [15], the
difference between air and bone conduction thresholds for continuous wave sound varies from
40 db at 10 KHz to 60 dB at | KHx. Since the pulse frequency spectrua certainly spans this
frequency range, we would expect the range of the bone conduction threshold to fall between 1.26
and 12.6 dyne/cm? for a free field 20 usec pulse. Based on the acoustic transmiasion coefficient
of 2 from air tc soft tissue, the pressure in the tiesue would be in the range of 2.3 to 25
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dyne/ca?, The maximum radiation pressure that § 20 psec_40 uJ/ca? microwave pulse would ezert on
a highly conducting surface would be 1.33 x 10™} dyne/ce?, which is too low to expla’: the sffect
by a surface nressure. A surface pressure relationship is also incowpatible with Flanagan's [1en
‘results and cur observations concerning the dependence on tha hearing thre<tsld on pulse enwigy.
The acoustic pulse energy is proporicnal to the product of pulse width ap? squore of the

pressurs while the EN pulse energy is directly proportional tn the product o. ..~ induced pressure
and pulse width. Frey and Messenger [4], on the other hand, found for puise widths greater than
50 usec that loudness of microwave evoked auditory seniation war proco.’ .onal to the psak power of
the applied pulas vhen the pulse energy was kept constint by decreasing che width, T, as the peak

power was incresased. Their data show, however, for the narrow 1-30 usec pulae width range we
are concerned with, the loudness did not vary.

~ Although the above observations did not support the radiation surface pressurs hypothesis,
they did not rule out other EM to acoustic energy transduction processes. At the frequencies
vhere the auditory effect is most pronounced, the EM emergy vhich penetrates and is absorbed deep
in the tissues of thc head can produce volumetric forces by various modes of interaction. Two
‘types of pressures, much greater than radiation pressure, can be produced ir tissues exyovsed to
microwave pulgses, These include electrostrictive and thermal expinsion forces proportional to
the square of the e¢lectric field in the material. Although the elctrostrictive forces are unknowm
for biological materials exposed to microwave frequencies, a rough estimate of the possible wmagnitudes

may be obtained from the equation given by Stratton [16] for electrostatic field applied to a
non-compressible dielectric fluid.

P = % e 2 (x + Dlx = 1) a)

where E is the electric field, p is the pressure increase over that at a location where E = 0,
<, is the permittivity of free space, and x is the dielectric constant of the liquid.

Although the thermal expansion forces are also unknown for biological materisl, a theoretical
and experimental analysis of the converaion of bisible electromagnetic radiation from a Q-switched
ruby laser to accustic energy by thermal expansion du:z to absorbed energy in various liquids was
made by Gournay [17]. It was shown that the pressures vastly exceeded radiation pressure. Foster
and Finch [18] extended Gournay's analysis to the case of physiological Ringer's sclution exposed
to microwave pulses and showed theoretically and experimentally that pressure changes far in

excess of radiation pressures could produce significant acoustic energy in the exposed medium.

It is very significant to note that the audible sounds could be produced by rapid thermsl expanaion
acsociated with only a 5 X 10~¢°C temperature rise in the medium due to the absorbad EM enargy.

The maximum pressure, p, induced in a semi-infinite absorbing liquid medium due to an imcident
microwave EM pulse normal to the surface was derived by Gournay [17) as
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for a constrained surface, where C is the elastic wave velocitv, B 18 the linear coefficient of ! ]
thermal expansion, S is the specific heat, a is the absorption coefficient for the medium, J is :
the mechanical equivalent of heat, I_ is the .M power intensity at the surface, and T is the pulse
width. Gournay's analysis also showed that the maximum conversion efficiency (energy of propagated
elastic wave divided by energy of transmitted EM wave) for the energy transduction was

ce?r
Na= F(aCT) 4)
2p52J2
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F(xCT) = (1-e‘“CT-acre'°°T)/ucr (5

R

for a free surface and

F@CT) = (acTe ®°T + 3e7%CT 4 20¢7-3)/aCT (6)

for a constrained surface where p = the density of the medium. The maximun value of F(aCT)
is 0.3 for aCT = 2.0 for the free surface and 2.0 at aCT > 10 for the constrained surface.

§ Though the above analysis is based on an exposed semi-infinite medium with an absorption
- coefficient of a, we would expect acoustic pressures w..i.in the same ordev of magnitude to be
induced in more complex media exposed to microwave pulses., If we assume a peak absorbed power

- Equations include corrections for errors that appear in the original) reference.
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deneity in the brain of 0.4 W/'kg per | a¥/ce? tncident power density based on a tlaoretical
saalyeis discussed in this Leocture Saries “Biophysics ~ Energy Abserption ard Distribution,”
Section D, and also assume that the Rquations {2) or (3) may be applied to this caae, the
calculated acoustic pressute in the bratn of approximately 2.2 - 3.0 dyne/cn? due to an imcident
20 usac, A0 uJ/cm! B pulse would be above the computed internal threshold pressures. The
astisated electrostrictive force of 1.4 X 10~2 dyns/cm? from Rquation (1) would be far below the

threshold of hearing vange and much lowsr in smplitude than that due to the rapid thsrmal
expansion conversion process.

It is of interest to note that for the constrainad surface where aCT < 3 (correuponding to
pulsa widths less than 30 usec for Riunger's solution exposed to 2430 MMs wicrowaves) that F(aCT)
is approximacely equal to aCT/2, implies that the propagated elastic wave snergy is proportional
to the square of the incident electromagnetic weve energy. This is consistent with our experimental
observations that the hearing threshold is constant with pulse energy for pulses less than 32 usec

;gd with Prey's observations that loudness increased with psak power for pulse widthe yreater than
usec,

In solid, more compressible materials such as bone, slectrostrictive and thermal expausion
forces could be much larger. The fack that the interaction of microwave pulses with non-1iquid
lossy dislectric materials can produce sufficient volumatric forces and displacement in the material
to be audible tc nearhy observeras has racently beeu obssrved Sy Sharp, et al [i$]. Auvdible sounds
vere eiicited from microwave anechoic abscrbing material by peak pulse enargies corresponding to
those producing the auditory sensation to expored husaena.

Gl o

We found in our laboratory that the air-conducted sounds could be slicited from microwave
absorbing materiala of either porous or solid composition. MNo audidble air-conducted sounds could
be cbtained from lossy liquids or gells exposed to the aicrowave pulses nor from good conductors
(silver painted plsstic disks) or dielectrics (plastics with low dislectric constant). Waak
audible sounds could be heard from exposed samples of low loss but high dielsctric constaat
saterial. The prerequisite for audibility seems to be an electrical conductivity and/or
dielectric constant within the range of human tissues such that the absorbed or stored EM
energy is distributed over a large volume of the illuminated material. With only surface absorption
such as with silver-coated samples, there was no detectable interaction. This is consistent with

Frey's observations, and ours, that the lowest thresholds of interaction occur at frequenciea whers
absorption in the head occurs over a large volume.
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, In order to study the interaction with solid materials more quantitatively, a Michelson
interferometer wvas assembled, as show in Fig. 7. A Helium—Neon laser beam was split so that
one beam reflacted from a small mirror attached to a dielectric test sample would form an

s plate. A fiber optics guide was comnected to an oscilloscope, waveform averager, and an x-y
plotter, The sample dielsctric was illuminated with pulsed microwaves using the same 918 MHx
power source and power measuring equipaent used for the human and animal expsrizments, The sample

interferometer and exposure apparatus was elacirically isolated from the photomultiplier and
assoclatea elactronics by a shielded room.

ke i

Shifts in the fringes of the interference pattern due to vertically polarized microwave
field induced displacements of the test object and mirror were sensed by the photomultiplier '
through the fiber optics pathway, passing through the wall of the¢ shielded room. The aystem
was calibrated to measure displacement as a function of the brightress of a fringe line over
the pinhole by noting the full dynamic range of the oscilloscope voltage excursion (proportionai
to brightness) when the mirror was displsced one-half light wavelength or more. The sensitivity
of the systen was enhanced by repetitive averaging of the triggercd responses of the sample. The !
samples of dielectric tested for acoustic transdyction properties were 3 cm diameter solid cylinders
from 0.5 to 4.0 c= long. Four different types of materials were tested; three consisted of laminac %
4110 polyest2r plastic loaded with varying amounts of acetylene black to produce electrizal :
condictivities close to humin tissue, as shown in Table V, and the fourth consisted of s sample
of Eccocorb ANW-77 microwave absorber. The electrical propertias of the disk were measured by
standard transmission line techniques. The interferometer wvas also used to detsrmine the

displacew=snt waveform of the piezoelectric crystal and the loudspeaker used in the animal
experiments.

A:.. i S e e it

i

In order to relate the internal fields in the samples to the acoustic responses of the sample,
the internal energy density absorption and electric field patterns were measured in the disks by

the thermographic technique discussed in this Lecture Series "Engineering Considerations and ‘
Measurements" Section B-6. ;

Fig. 8 illustrates displacement recordings made with the interferometer. The first waveform
is that of the pilezoelectric crystal excited with a 20 usec 40 V pulse, tha second is that of the
loudspeaker excited with a 20 usec 0.16 V pulse, the third the typical response of a lossy dielectric
disk exposed to a microwave pulse, and the last is the response of a2 3 cn diameter 3 cm long cylinder
cut from a slab of spongy Bccosorb ANW-77 absorber. Ths latter was interesting since the displace-
ment per unit of incident energy was greater than for any of the other dielectric matarials tested,
probably due to its lower demsity snd greater compressibility. The slight delay between the
applicaticn of the prlss and first sign of displecement is also of interest. The displacement
waveforms proviled both maximum displacement and frequency of oscillation information useful for
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making estimates of internal pressures. 1n all cases, the acoustic respensa of the disks to the
incident aicrovave pulses wetu sudible to nearby observers. '

Tsble VI suxmarizes the measured power ghsorption amd accustic charecteristics of the exposed
3 Jisk samples. The measured dielectric properties and sasple thicknesszas are given in the firs”
three columns. The respective measured peak absorbed energy densities per pulae, the maximum
ms electric field strengths, and the maximum measured displacoments of the flat surface of the

diska are tabulated in the next three columns. A rough estimate of the internal peak pressure
. vibration, p, in the disk wvas determined for each case fron

p = 2rdpy P

o

whets & {8 the measured displacement, p = 1.12 X 10} kg/m> is the measured density, v = 2400

s/sec {8 the weasured velocity of sound propagation, and To was the period of vibration of the
disks.

v

In order to appreciate the significance of the calculated pressures, it is useful to compiare
them to pressures derived from Equation (2) for the semi-infinite mediuz (free surface) using the
N same internsl measured field strengths and dielectric properties. The mechanical properties of
the nonloaded polyester plastic were used., These calculated pressures are tabulatad in the last
column of Table VI. It {s clear that the pressures listed in the last two columna of the tadble
excead the calculated radiation pressure of 3.6 X 10~? dyne/cn? by many orders of magnitude. It
: is alsc clear that the induced oscillatory pressures in the exposad sample diska are f»r above
] those predicted for a fluid with the dielectric properties of brain watter, The disk oocillations
produce souna> similar to the microwave evoked "cijcka" sensed in the human suditory system. The
large difference in pressures between that calculated for liquids and the solid disk are certainly
consistent with ou. failing to detect any displacament in liquid or gell materials. Foster and
Finch's [18) measuremsnt with a more sencitive hydrophone did detect the ccoustic disturbances in
the liquids, however., ile theorized that the actual hearing sensation is mediated by high recurrence
rate multiple reflections ~f the acoustic disturbances within the head or portions of the skull,
Th:a is evidenced by the fac! that the band limited 30 Hzs — 15 kHz noise did not effect the
threshold of evoked potentials in the cat to the microwave stimull as it did for the acoustic stimuli.
It is known that cats perceive higher freguency tChrough beth air and bone conduction. The nature
of the induced uccustic disturbance i3 further elucidated in the following sectionm.
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E. MICROWAVE INDUCED COCHLEAR MICROPHOWICS IN GUINEA PIGS

Previous failures to observe microwave evoked cochlear microphonics (CM) in experimental
animals exposed to microwave pulses are probably due to: (1) the frequency of CM is higher thaa
the frequency response of recording equipment, (2) the nicrowave energy is too low to elicit a
detectable CM, and (3) the CM may be burjed in a large microvave artifact. Once the above problams

are avoided or auinimized the existence of microwave evoked cochledr microphonics can sasily be
demonstrated as done by Chou, et al. [11].

P T

TR

They used guinea pigs weighing 400-600 gm which were anesthetigzed with pentobarbital sodium
(40 mg/kg, IP) and allowed to breathe normally through an inserted tracheal cannula. Aftar exposing
either the right or left bulla, a fine (microwave transparent) carbon lead was placed against the
round window and cemented onto the bulla. An indifferenct electrode was connected ot the nearby
tissue. A test vas then made to determine the magnitude of the cochlear produced by acoustic
clicks. If the maximum amplitude was greater than 0.5 mV, the head of the yuinea pig wss placed
through a hole into a circular waveguide. The waveguide was matched so the microwave power
propagating in the TE;; mode wa3 completely absorbed by the 758 head of the subject. Ry transferring
all of the available power of the 10 kW microwave pulse generatcr directly to the head of the
animal, they were able to produce an average absorbed power density of 1.33 joules/kg in the head.
This i{s one order of magnitude greater than the maximum energy per pulse delivered in previous
experiments by radiation fields. It is estimcted that a radiation energy density of 1).125 to 3.32
aJ/cn? per pulse would have to be delivered to produce the same effect. Hicrowave pulse artifacts
were considerably reducad by placing the irradiation equipment and subject in a shielded room and
transmitting the recordud aignals via coaxial leads to a preamplifier ocutsile the room. The sound
level in the region of the head of the guinea pig was about 55 4B mainly due to the noise produced
by the microvave pulse gensrator. The animals were radiated intermittently for 1.5 min by 918 MHz
microwave pulses of 1-10 usec in duration and 100 pps repetition rate at various pesl. power lavels
below 10 k. The responses were recorded on a magnetic tape system with a frequency response of
80 kHz. After a 3-5 hr experiment, the animals were sacrificed, either by an euthanesia agent or
anoxia. The animal responses were recorded until the physiological potentials disappeared completely.
The recorded data wvas averaged off-line by a computer of average transients.
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Fig. 9 shows the electrical responses at the rourd window of a guinea pig stimulated with
acoustic clicks. The response consists of cochlear microphonics (CM) and both N; and N; nerve

responses. The inverajon of the CM due to reversing the polarity of the electrical pulses delivered
to the speaker is also seen in Fig. §.

Fig. 10 shows the round window response nf the same guinea pig stimulated by microwsve pulses.
In addition to Ny and N3, the cochlear microphonice immediately follow the microvave stimulus. A
time expansion of the CM is also showm in the figure. The microwave evoked CM, approximately 50 kHz
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ia frequency, 50 uV in asplitude, and 200 usec in duration were obaerved in five preparations,
satisfying the acoustic sensfitivity tests.

A comparison of the OM evoked by microwsve pulses of 10 usec, 3 usec, and 1 usec at the same
peak power of 10 kW ia shown in Fig. 11. These traces are averages of 400 reaponses raplayed from
the tape. Bach of the traces dhows an artifact at the left of the figure. Due to the limited
frequency response of the tape recorder, the transient due to the microwave artifact 1e 60 usec
instead of 30 usec, 82 seen for the on-lins record in Fig. 10. Although the presince of CM is
evident, the onset of these CM is masked by the artifact. Fig. 1] shows that the frequency of
the CM stayed the same but as indicated at the right of the figure, the amplitude of che CM
dropped for narrower pulses since there vas less energy absorption. This figure also indicates
that the oscillations of CN occurred at approiimately the ssme latency after the onset of the
sicrovave pulaes. We conclude from Fig. 1l that a phyniblo.icnl responme time-locked to the onset
of microveve pulses ias genersted within the ;uinca pig's cochlea. Since the CM is followed by .
auditory nerve activity (¥;) after on iuncerval of time that closely resembles that seen in the

acousticallv stimulated cur (Fig. 9), 1t seems reasonable to assign this event to hair cell
activation,

After the enimal vas sacrificed, either by anoxia or an authanesia agent, the N} and Np
responaes dizinigshed earlier than the C4, (The same phenomenon occurs during acoustical stimulation).
After the animal's death, neither CM ncc N; and Nj ciuld be observed, although the artifact

persisted. This result indicates that the 50 klHs oscillatory signal is a genuine physiological
response.

As shown in Fig. 12, the amplitudes of CM and N), as well as the latency of the N) response,
varied as a function of the average energy absorption density per pulse. The (M amplitude

satyration seen with high intensity -1crouave stimulation finally resembles its behav'or at high
sound pressure levels [20].

The 50 kHe CM frequency seems related to a resonance phenomenou dependent on the size of the
animal skull as suggested by Foster and Finch {[18), Since individuais with high frequency hearing
losses (above 10 kHz) cannot hear the microwave pulses, the frequency of microwave CM probably
lies between 10-20 kHz for the human. For a head size like that of the cat, the frequency of the
microvave CM can be estimated to be betvween 20-50 kHz. This estimate is also consistent with the

fact that a masking noise of 50 He ~ 15 kHz did not affect the threahold of evoked response in the
medial geniculate of cats.

F. TEST OF MICROWAVE INDUCED HEARING IN RATS

Recently we have been able to demonstrate that rats can hear pulsed microwaves. In thils atudy,
a food deprived rat was restrained in a plexiglass cylinder and trained on continuous reinforcement
to make a noae-poke operant thereby breaking a photo cell beam and receiving a food pellet for the
responde. Subsequently, the rat was traired to make the same response on an sscending series of
variable ratio (VR) reinforcement achedules unti) the animal was rvesponding on a VRIO at over 20
responses/min. Finally, the rat operant was brought under stimulus control by differentially
reinforcing and extinguishing the response during the presence or absence, respectively, of a 7kHz
speaker click of approximately 60 dB intensity at a 100 Hz repetition rate. When the animsl was
consistently responding at 30%, or better, correct (in the 'go" interval), it was considered. at
criterion. Subsequently, tha animal was probed with pulsed microwaves, during various "no go"
intervals (periods of non-responding) and the effect of this procedure was to induce responding in

the rat, thus demonstrating that price behavioral control by auditory clicks was generalized to
microwave clicks.,

G. CONCLUSIONS

e S s TR

It has been shown that the threshold for microwave pulse evoked auditory sensations or responses
in both humans and cats 1s related to the incident energy per pulse with values of approximately
2¢ uJ/em? for cats to 40 ul/cm? for humans for pulses less than 30 usec wide. This corresponds to
an estimated peak absorbed power density of 10 to 16 mJ/kg as measured in the cut head and approxi-
mately 16 mJ/kg as estimated for a human head. This energy density is capable of increasing the
T tissue temperature by only $ X 10°6°C. As background noise {50 Hx - 15 kHz bandwidth) was increased,
- the threshold for evoked responses in the medial geniculate nucleua of the cat remainad stable for
pulsed microwave stimuli but increased for acoustic stimuli. This would tend to indicate that the
microwaves may be interacting more with the high frequency portion of the auditory system. With
; the exception of the absence of the cochlea microphonics at the round window, all evoked potentials
~ in cats due to microwave stimulation were similar to those dua to stimulation by acoustic clicks
: from loudspeaker (air conduction) and a piezoelectric transducer (bone conduction) attached to the
i skull. It was shown, kowever, that the cochlea microphonics could be recorded in guinea pigs
H exposed to microwave pulses when sufficient incident power was used. The frequency of the micro-
phonics (50 kHc) 1in guinea pigs supports a hypothesis that a vibration is set up in the head
corresponding to its accustical resonant frequency. Sirce cochlear destruction resulted in total
loss of all evoked potentials due to wicrowave and acoustic stimuli, there is strong support for
the contention that the microwave uuditory effect is exerted on the animi] in the same manner as b
conventicnal acoustic stimuli. Radiation pressure was ruled out as a probably cause of the evoked :
response since it 18 both too low in magnitude and incorsistent with the known thresliold behavior )
for acoustic pulses. The mcst likely mechanism of electromagnetic field interaction appears to be §
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conversion of EM energy %o acouatic energy due to thermal expansion in the tissues uithin the head.
This is based on their relatively high predicted snd measured values in liquid snd solid marerials
exposed to microwave pulses. This hypothesis is further reinforced by the fact that the bshavior

of the measured threshold characteristics with pulse width sgree with those predicted by the tharmal
expansion theory. It has been shown by means of a Michelson interferometer that displacementa and
forces i{nduced in lossy dielectric disnk samples by incident microwave pulses are many orders of
sagnitude above the threshold values for hearing. The interaction with the absorbing material was
sufficiently strong that it was audidble to nearby obsorvers.

A prerequisite for interaction with the material is that the dielectric constant or conductivity
be sufficiently high and the frequency proper to allow for a penetration of energy and loss aver an
appreciable fraction of the volume when the object ia exposed to a microwave pulse. Microwave
absorber materials used to reduce reflections and s0lid materials with the dielectric properties
close to human tisasuer seem to fulfill the above requiremente. The fact that the sounds asre
mediated by pulae energy levels sufficient to vraise the tissue temperature only 3 X 10~-t°¢ puints
out the extreme cave that one must exercise in classifying an effect as thermal or non-thermal based
simply on the level of temperature increase.
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TABLE I THRESWOLD OF MICROMAVE KVOKRD AUDITORY RRSFONSES IN
HUMAN (2450 Yotz 3 PULSKS/BEC) BACKCROUND WOISE 45 DB

——: _ _
PRAR INCIDKNT | AVG INCIDEWT IOU|I<ATVPUL8l WIDTE | BWERGY DRWSITY/ | PRAR ABSORBRD
. POVER (W/ca?) (wi/em?) (us) PULSE (uJ/cm?) | ENERGY DENSITY
e e puLSE®
- (a1/kg)
; a0 120 l 1 40 16
£ 20 120 2 I 40 16
v
: 12.3 ¥20 3 A0 16
B
, ve 120 ﬁ#ﬁ;: ) 40 16
N s 120 5 40 16
4 120 10 40 16
T T
2.33 103 13 s 14
>
2.1 129 20 43 17
1.8 135 25 483 18
1.28 120 I 32 40 16
1. Thresholds for subject #1 in Fig. 1
2. 28 with earplugs.
- 3. i35 for subject #2 in Fig, 1
4, Based on absorption in equivalent spharical model
of head.
] TABLE IT THRESHOLD EVOKED AUDITORY RESPONSES IN CAT
3 2450 MHz (ONE PULSE/SEC) BACKGROUND NOISE 64 DB
1, 4 PEAK INCIDENT ]| AVG INCIDENT PULSE WIDTH | INCIDENT ENERGY | PEAK ABSORBED
3 3 POWER POWER (us) DENSITY PER. ENERGY DENSITY
3 § DENSITY DENSITY PULSE (u)/cw?) PER PULSE
' & (W/cm?) (uW/cm?) (nJ/%g)
i o 35.6 17.8 0.5 17.8 10.1
L 17.8 17.8 1 17.8 10.1
¥,
3 & ;
3 i 10.0 20.3 2 20.3 11.6 3
: H b
S 5.0 20.3 4 20.3 11.6 .
E 5 4.0 20.3 5 20.3 11.6 b
i 2.2 21.6 10 21.6 12.3 %
3 k
? 1.9 28.0 15 28.0 15.9 1
k. 1.7 33.0 20 33.0 18.8 -
E 0.6 15.2 25 15.2 8.7 '
3 1.5 47.0 32 47.0 26.7 :
Ressarch was conducted according to the principles enunciated in the "Guids for ﬁ
Laboratory Anisal Facilities and Care" prepared by the Rational Academy of Sciences
Hational Research Council.
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TABLE 111 THRESHOLD OF RVOKRD AUDITORY RESPONSES IR CAT

918 Mitz (ONT PULSE/SEC) BACRGROUND NOISE 64 DB

AVG INCIDENT PULSE WIDTH

PEAK INCIDENT T INCIDENT ENERGY | PRAK ABSORMED
POVER PONER (ue) DENSITY PER | EMERCY DRNSITY
DENSITY DENSITY PULSE PER PULSE
(W/cm?) (uW/cat) (ul/ca?) (md/g)
5.80 17.4 3 17.4 12.3
3.88 19.4 s 19.4 13.8
2.26 22.6 10 22.6 16.0
1.37 20.6 13 20.6 14.6
1.17 20.8 20 20.6 16.6
0.97 24.3 25 24.3 17,2
0.80 28.3 32 28.3 20.0
Siaem
TABLE IV THRESHOLD OF EVOKED AUDITORY RESPONSES IN CATW

X BAND (ONE PULSE/SECOND)

BACKGROUND NOISE 64 DR

AFPROXIMATE VALUES

PEAK INCIDENT POWER (W/cm?) 14.8 TO 38.8
AVG INCIDENT POWER (uW/cm?) 472 TO 1240

PULSE WIDTH (us) 32

ENERGY DENSITY/PULSE (ul/cm?) 472 TO 1240

*Application of power directly to top of exposeld skull
required to elicit responses.

TABLE V COMPOSITION AND ELECTRIC PROPERTIES OF DIELECTRIC DISKS

materiAL’

FREQUENCY | ACETYLENE BLACK | LaMiNac | preLEctric | conpucTiviTY
(MHe) CONTENT# 4110%% | CONSTANT o (mho/m)
X x) e
918 1 99 6.41 0.266
918 2.5 97.3 16,12 1.817
918 s 95 20.00 3.316
2450 1 99 5.25 0.370
2450 2.5 97.5 10.47 2.126
2450 5 95 16.45 3.734

*A small amount of catalyst was added.

*Product of Shawinigan Products Corp.

*#Product of American Cyanamid Co.
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TABLE VI COUPLED BM nmcv' AND ACOUSTIC PROPERTIRS

OF RXPOSED DIELECTRIC DUSKR

DIELECTRIC PROP. | SAMPLE MAX ABSORBED [PEAK ELECTRICAL] MEASURED ] CALCULATED | PRESSURE FOR
THICKNESS | ENERGY DENSITY FIELD DISPLACEMENT | PRESSURE? | SEMI-INFINITE
¢'  o(mho/m) (cm) PER PULSE (XV/m) () FOR DISK | DIELE. MEDIUMI
L (I/%g) (DYNE/cw?) (DYNE/cm?)
6.41 §0.266 ) 0.96 14.19 28 993 2397
2 1.02 14.86 36 2553 2559
0.5 2.24 a.n 47 4546 5619
1412 f1.8v02 ) 1.33 6.40 36 12717 1263
2 1.72 7.29 38 2696 1638
‘ 0.5 7.00 14.69 48 4642 5651
20.06V4*3.316 4 1.s§m‘hh T .06 43 1703 1053
2 1.66 5.32 66 4682 1164
0.5 4.84 9.04 74 7157 3360

1. 918 ez, 20 ;, second, 1,07 ml/cm? incident microwave pulses.

2. Based on Equation (7).

3. Magnitude of estimated field induced pressure in semi-infinjte dielectric medium based
on Equation (2).
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Audiograms of human subjects used for determining thresholds of audibility to
pulsed microwaves.
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STIMULUS CAT A? MEDIAL GENICULATE B00DY
(20 usec) ROOM NOISE 60 dd
SPEAKER
cLIcK

POSITION OF APPLICATOR
ACOUSTIC

MICROWAVE
PULSE

/

I7 CM TO RIGHY OF HEAD MIDLINE

WVJ/

CEMENTED ON FRONTAL BONE

8 CM POSTERIOR TO OCCIPITAL POLE
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F; . Fig. 2 Evoked responses recarded from medial geniculate body of the cat.
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3 PEAK ABSORBED ENENGY DENSITY
3 PER PULSE * 113 m)/Kg :

Fig. 3 Thermograms showing absorbed energy density patterns (per pulse) in the head
of cats exposed to 918 MHz and 2450 MHz 20 uJ/cmz. 20 usec incident pulses.
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Fig. 4 Threshold of evoked medial geniculate responses (averaged for ) to § cats)

as a function of background noise.

RECORDINGS FROM ROUND WWNDOW OF COCNLEA
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Fig. 5 Responaes in the round window of the cat cochlea due to acoustic and microwave
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CATNO 04
RECORDING SITE STIMULLS
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GENCULATE SPEAKER CLICK
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C....J ELECTRIC SHOCK
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upL e h‘\\NICF;C‘)X\;\\:EVE PLXG_EZE
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Fig. 6 Cross-modal CNS responaes to acoustic and microwave
stimuli,
Fig. 7 Michelson interferometer for measuring displacements in
dielectric material illuminated by maicrowave pulses.
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MATERIAL INPUT PEAK }INATKW
(A)

CRYSTAL ELECTRIC PULSE
MWM "0
e

SPEAKER ELECTRIC PULSE )
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Fig. 8 Diaplacemsent vaveforms for pulsed acoustic transducers and for lossy dielectrics
illuminated vith aicrovave pulses.
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Fig. 9 Round window responses evoked by single .coustic clicks; click phase is
reversed in upper and lower traces.
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Physics Division

Institute of Cancer Research

Royal Marsden Hoapital
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1. INTRODUCTION

Ultrasound comprises mechanical vibrations occurring in the frequency range above
20 kHs and extending in practice to above 10 GHa. Its physical and biological proper-
ties vary very widely over this frequency range. Correspondinagly there is a very wide
range of practical applications, each with different posaibilities for exposure of
human beings to ultrasonic cnergy.

This lecture will discuss the following three main areas of knowledge that are
necessary to understand the possible harards from the use of ultrasound.

{(a) The actual physical exposures encountered by humans in various activities.
{b) 1he nature of the biophysical interactions of ultrasound with humir. tissues.

(c) The evidence for and against significant changes being produced ir living
gystems by the action of ultrasound.

A brief discussion of protection procedures will also be given.

2. PHYSICAL EXPOSURES

Humans m. / be exposed to ultrasound in a variety of situatiors. In general this
will be either deliberate exposure for medical reasons (diagrostic or therapeutiec) or
inadvertent exposure in industrial or occupational situations. In the medical field
there is now considerable interest in measuring rthe actual levels of exposure of
patients and some reasonably good data are availeble. For occupational exposure howe-
ever, no systematic data on huran exposure levels seems to be available. A summary
0.} exposure levels measured for medical applications is given in Tabla I and a list of
some of the major occupational sources of ultrasonic exposure is given in Table II.

TABLE I. Measured Ultrasoni Exposure Parameters
in Common Medical Applicationa

Parameters

ilse-gche Bovpler herapy
§::;::c3c?;;:)lc 1 - Qs) 2 - S8 1 - 3
s e 0.3 - 21 19 -2 0-25,000
?ﬁ::nﬁﬁcw;mf)z) 1.4 - 95 0.003 - 0.023 o - (25)
:ﬁ:ﬁiﬁﬁ:s‘?ﬁn 2 -17 0.1 - 0.3 o - (8.5)
Pulse Duration (us) 1
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MBLE II. Occupational Sources of ‘ulunoaxc
ixposure Of Rumans

Source Appron. Freguency Comments
Range
Industrial Cleaners 20 ~ 80 kits 8kin contact poasible.

Qzder of 1 M. Some
power in audible range.

Machining and Welding 20 kis

Flaw detection 1l - 10 s Comparable to Medical
pulse-echo.

Sonar 10 - 500 kHs High peak power

(cavitation limited)
3. BIOPHYSICS OF ULTRASOUND INTERACTIONS

At least two physical mechanisms of ultrasonic action can be identified as being
biologically effective: cavitation and heat generation. There is a possibility that
additional mechanisms may exist., but evidence for this is not clearly established.

The extent t0 which cavitation can be made to occur' in the human bedy in vivo,
even under extreme ultrasonic exposure conditions, is still very uncertain. Diagnostic
conditions of exposure (low intengities and/or very short pulse durations) are
generally insufficient to induce cavitation even in nonviscous liquids and it is thus
particularly unlikely to occur jn vivo. The biological effects of cavitation in
liquid cell suspension system: is pradominantly that of cell death by disintegration.
Associated mechanical damage :o surviving cells has been demonstrated but no clear
evidence has been found to indicate that this is in its nature either mutational or
otherwise indicative of significant hazard.

Heat generation can be an effective mechanism for ultrasonically induced
biological change in intact tissue systems, which are characterized by relatively high
ultrasonic attenvation coefficients (of the order 0.1 (MH2)~l for soft tissues) and low
thermal mobility. Where however low average intensities are involved, for example in

diagnostic exposures, temperature rises may amount to no more than a small fraction of
a degree.

A phenomenon that can be significant in leading to heat induced damage is that of
mode-conversion, which characreristically results in loczlized deposition of heat in
the region of hone surfaces.

Biophysical evidence for other possible mechanisms of action of ultrasound is
insufficient for any useful assessment of hazard and further evidence in this direction
must at present be sought from the rasults of empirical, screening type investigations.

4. SPECIFIC EVIDENCE ON HAZARD FROM ULTRASQUND

In addition to the above biophysical considerations, there are two main lines of
evidence on the existence of hagard from human exposure t2 ultrasound: from screening
investigations and from epidemiology.

4.1 Screening Investigations

A problem that runs through the whole question of the possible "hazard" associated
with the use of ultrasound is that there is no a priori indication of the nature of the
hazard that might be found to occur. The most serious type of consequence would seem
to be that of genetic or teratogenic change and most of the screening work has been in
this direction. Some such investigations, primarily concerned with diagnostic-type
medical axposures, are referred to in earlier reviews (see bibliograghy). More
recently, systematic investigations have been carried out on mice irradiatea under con-
ditions very greatly in excess of thoses used in diagnosis, with no resulting evidence
for effects either on specific genetic damage or on such fa:tors as gestation time,
fetal weight, litter size and incidence of resorptions and abnormalities in pregnant

mice and their litters. Some investigators t.ve reported contrary findings but in
general these are of doubtful validity.
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one line of investigation to which considerable effort has been devotad over the
past few yesars has been that of the possible induction of chromosomal aberrationas in
living cells exposed to ultrasound. T™is is a technique widely used in other branches
of toxicology, particularly ionizing radiation, and its intensive application in ultra-
sound was stimulated in particular by a report of positive effects following rather low
intensity (8BmiN/cm2) expceures. A number of useful follow-up studias, including sane
attempts by the originai author to repeat his own work, have failed to confirm the
original findings and:. although this may continue to be an interesting and important
area of investigation, the current concensus of svidence here is overwhelmingly aga.nst
the existence of any effect, at least under medical exposure conditions.

4.2 Epidemiology

ettt Rlcibi Sl L olto i bl el o o k]

In any discussion of the hasards of medical or occupational exposures, regardless
of ths nature of the particular agency that may be under suspicion, n¢ completely
satisfactory conclusion can be drawn that does not rely on evidence from humans: "the
proper study of mankind is man", Epidemiology is a demanding science and tuo produce
fully satisfactory evidence on the safety of ultrasonic exposures would call for a
study involving large numbers of subjects, extending over a period of a number of years
and preferably deaigned on a prospective basis. NoO such study has yet been carried
out although one, at least, is now being planned. Meanvhile the only evidesice of this
nature comes from a retrospective study on 1114 apparently normal pregnant women
examined by diagnostic ultrasound in three differnnt centres and at various stages of

v é_ pregnancy. A 2.7% incidence of fetal abnormalities was found in this group as compared
¢ i with a figure of 4.8% reported in a separate and unmatched survey of women whoe had not
3 by had ultrasonic dia¢nosis. Neither the time in gestation at which the first ultrasonic
e e examination was made, nor the number of examinations, seemed to increase the risk of
& fetal abnormality.
@
5? No comparable studies appear to have been made on occupational exposures to ultra-
da

sound and, apart from occasional reports of discomfort and possible temporary hearing
impairment (now believed to be due to audible sound components sometimes associated with
ultrasound), no accounts of serious ill effacts or accidents have been published.

o U TR T
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5. PROTECTION PROCEDURES

No official recommendations on health protection in the use of ultrasound are in
eaxistence.

For ultrasonic therapy there is an unofficial agreement limiting the acoustical
output of generators to 3 W cm~2 (averaged over a transducer face of area approximately
5 cmz). However, actual practice does not always conform to this figure. Appropriate
recommendations on the calibration of ultrasonic therapeutic devices have been made by
the International Electrotechnical Commission in their document IEC 150.

e T AL IR ST

For medical diagnosis there is no corresponding agreement, although users are often
concerned to limit the exposure of patients, in a manner consistent with good diagnostic

performance, by controlling output power, pulse repetition frequency or total
irradiation time.

PR
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Until good and representative meagsurements of the acoustic intensity levels
encountered in practice have been carried out it will not be possible to make satisfac-
tory recommendations about control of occupational exposure to ultrasound. Meanwhile
the following practical prctection measures can be applied :

TRy

B

(a) As far as possible limit power levels employed and the duration of their
application.

3 : (b} Avoid unnecegsary acoustic contact between machine and operator (in particular use

the shielding properties of air and low density materials).

(c) Recognige that the ear (because nf its design and function) may be a critical organ
particularly where associated ~udible sound energy may occur.
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ERGINEERING CONSIDERATIONS AND MEASUREMENTS

Arthur W. Guy

Bioelectromagnetice Research Laboratory
Department of Rehabilitation Medicine RJ~-30
University of Washington School of Medicine

Seattle, Washington 98195

SUMMARY

Qurmtitation of the biological effects in subjects exposed to slectromagnetic fiealds requives
that both tihe fields in the environment and within the exposed tissues be measured. Fielda in the
envirorment can be measured by means of standard off-the-shelf fieid survey meter aensors consisting
of small dipolea with diode or thermoccuple~type transducers for converting microwaves or RF energy
to proportional olectrical signals. Fields and associated absorbed power density in the tissues
can ba measured by means of thermocouples, thermistora, fiber optic liquid crystal sensors, and

therrography. The quantitation of flelds associated with expoaure of test subjects can be signifi-
cantiy aimplified by a judicious choice of exposure techniques.

A.  INTRODUCTION

In an earlier section of this series, "Blophysics - Energy Absorption and Distribution" patterns
of absorbed power density in many difterent configurations of biological tissues exposed to various
EM sources were discussed from a theoretic . tandpoint. The determination of absorbed power by
theoretic methods, however, are limited only to simple geometic shapes. The only practical way to
determine these patterns for irregular shapes and relate them to exposure fields is through carefully
designed instrumentation. There are two important classes of instruments; the first pertains to

measurement of the exposure conditions or the applied fields, and the second pertains to measurement
ot flelds and associated power absorption within the tissues. The latter presents some very
formidable problems indeed.

Electromagnetic fields or quantities related to the fields can be measured botk in situ and in
vivo in test animals or even humans by means of implanted mirrowave dlodes, thermocouples, and
thermistors, Thermocouples and thermistors were ?Bed extensively in the past for measuring the
temperature rise in tissues exposed to radiation. There are several problems associated with the
use of thermocouples or thermistors to ascertain absorbed power: 1) the element senses only the
temperature of the tissue which is also a function of other wechanisms such as thermal diffusion,
blood flow, and the thermoregulatory characteristics of the animal; 2) 1if the scnsor is left in

the tissue during irradiation, it can be directly heated by the RF fields or it can significantly
modify the fields and the associated temperature rises; and 3) the sensor is relatively insensitive
to low power densities.

A method that eliminates many of the above problems is the use of thermography. The method has
been used to measure surface temperature in exposed hairless animals [1]. It is most useful in the

indirect measurement of internal temperature and absorbed power density patterns in animal carcasses
or phantom models of human or animal tissues expnsed to EM fields [2].

The problem of field measurements both outside and inside of the exposed subject can be greatly
simplified through the use of appropriate exposure techniqucs which are uniquely associated with

the type of subject under study. The techniques and tynical results obtained through their use are
discussed in detail in the following sections.

B. METHODS OF MEASUREMENT

1. Radfation Survey Meters

Since the Radiation Control for Health and Safety Act was passed in 1968 [3], there ‘has been
considerable improvement in radiation survey meters for measuring radiation power densities in air.
Typical designs are illustrated in Fig. 1. The meter usually consists of a sensor consisting of two
or more orthogonal electric dipole elements, each terminated in a thermocouple or microwave diode

element and coupled via small-diameter high~resistance wires to a voltmeter calibrated to record
power density directly in wi/cm?.

A thermocouple described by Aslan [4] consists of a pair of thin-film vacuum-evaporated electro-
thermic elementsa that function as both antenn:. and detector. The sensor materials are antimony and
bismuth deposited on a plastic or mica substrate, all secured to a rigid dfelectric material for
support. The lengtt of the dipoles is small compared to a wavelength to allow the unit to monitor
power with minimum perturbation on the RF field., The de¢ output of the sensor is directly propor-
tional to the RF power heating the element. The hot and cold junctions of the electrothermic
element, separated by 0.75 mm, are in the same ambient environment, thereby providing an output
relatively independent of ambient temperatures. With the thin-film elements oriented at 90° to
each cother and counected in series, the total dc output 18 independont of orientation and field
polarization about the axis of the probe and is proportional to the square of the electric field
vector. If the proportionality constant relating E to H is known or remains constant, such as 377 Q
in the far field, the output can be calibrated in terms of power density. In the near field, the
meter will read an effective power density or simply the square of the 2lectric field divided by
377. Lead wires carrying the dc output of the thermocouples asre shielded with ferrite materials and
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asintained pecpendficular to the plana of the antenna. Thay will, thevefore, bda imvisidle to the
propagating wave when the antemna {a placed parallel to tha phess fromt. ‘l'r de output is counected
to an slectric voltweter calidrated to vead field denaity directly in sW/cad. The metsr, shiom in
Tig. 2, has an approprisce tise constant to vead average power whem the aster f{s used €O msaluve
wodulated AF power demsity. The dissdvantage of this mater configuration s that the cutput from
the seasor is extremely frequency-seaaftive amnd the wmeter must t - calibrated for esch frequauncy,

In addition, eaince the dipolas lie in one plane, the meter sensing probs must ba oriented ao prodes
are paraliel to the EM wave fromt. Bometimes this is impasaible in near-zone fields since thare
ney be field components in threse orthogonal directions. Aslan {3]) has developel an improved.
fsotropic wide-band field sensor. Tha sensor fs cowposad of thres sledents arvanged in orthogonsi
configuration. The elements shown in Fig.3 are lossy and are heated by the field. Each elsment
conniets of a series of thin-film tharmocouplas depoaited ou a plastic substrate. The instrument
is used whare the wavelength is long compared te the length ol the therwocouple strips and since
tteir resistance is very high, field pertubations are negligible and the heating in sach strip is
proportional to the square of the electric field component along it. A signal is obtained l'rom
sach strip that ia proportional to the %2 heating of the element. The signsls from ) to 4 cm

long elements are summed to provide a aignal proportional to the square of the total electri: field.
Since the slements are relatively long, however, the instrument can only be used where the fileld
var{ition 1is small over the region occupied by the three orthogonal sensing slements. The meter

shown in Fig. 4 is designed to operate over ths .85 to 1% Gz Frequancy range for measuring electric
fleld strengths of 9 to 610 V/m or .02 to 100 mW/cm?. '

s i S RMONEE 4 ksl odiicd

Another type of broadband isotropic field sensor has been described by Bowman {&]. This ssnsor
consiste of three orthogonal dipoles with diode detectors connected hetwaen the arms of rhe dipoles.
The sigoale frou the dipoles are conducted independently through high-reaistance leads that are
transparent to the microwave fields to the instrumentation, as shown in Fig. 5. For low intensity
fields that have wevelengths that are large compared to the dipole lengths, the detected aignals
from each orthogonal element of the field sensor are proportional to the square of the corresponding
electric field components. The signals are equalized and fed to a sumaing amplifier vhich has an
output proporticnal to the ]l]z. For fields with high intensities, the non-linear characteristics of
the summing amplifier provide an extended dynamic range. The fustrument is calibrated to display
(1/4) coll 2, the electric field density. The meter, showm in Fig, 6, ia useful in the fr!qucncy
range .03 to 3 GHz for electric field struongths of .9 to 4750 V/m, or 0.0002 to 6000 uW/cm®.
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Survey uetars of the type described above can be used meaningfully only to measure power density
in & radiation-type field or the square of the electric field intensity i{n a near-zone field. This
. information is not enough, however, to indicate what is happening in the tissues of the exposed
T subject. These problems are discussed in detail in the following sectious.

2. Glass Probe and Thermocouple Combination

3 All the problims associated with mecasuring temperature and absorbed power density in tissues
: with thermocouples discussid previously can be -eliminated through a technique that utilizes a small
diameter plastic or glass tube sealed at one end and implanted at the location where a measurement
of the absorbed power is desired. The tube, illustrated in Fig. 7, is long enough so that the open
end, fitted with a plastic guide, protrudes from the tiassue. A very small diameter thermocouple is
inserted into the tube with the asensor located at the probe tip and an initial temperature 13
recorded. The thermocouple is quickly withdrawn from the tube and the animal is exposed under the
normal conditions of the experimental protocol with the following exceptions, Instead of using the
x power level normally chosen for a given experiment, a very high power burst of radiation of duration
E sufficient to produce a rapid but safe temperature rise in the tisaue is applied to the animal. The
¥ thermocouple {s then rapidly veturned to its original position and the new temperature is recorded

Y for several minutes. The temperature versus time curve is thon extrapolated back in time to the
period when the pover was applied and, based on the density and specific heat of the tissue, the
absorbed pover density is calculated from the difference between initial and final extrapolated
temperatures. The ghort exposurc period insures that there is no loss of heat due to cooling or
diffusion, so integration of the energy equation over the short time period t gives Wy = 4.186 X 103 :
cAT/t, where ¢ is the specii'ic heat ¢f the tissue, AT the temperature change in degrees Celsius, and A
t the time of exposure in seconds. The measured absorbed power can then be used to relate the input
power of the source to the gbsorbed power in the tissue under normal lower power exposure conditions.

g TR TR T T

3. Thermistor with High Resistance Leads

i

Miniaturized thermistors with sufficiently ssall diameter high resistance leads can be used
for certain measurements in tissues exposed to EM fields. They must be used with caution, howvever,
with 8 clear undarstanding of their limitations. Even though the high resistance leads do not
appreciably modify the general field patterns in the tissues, small currents can be induced in the
\ vire leads producing vary high current densities at the termination of the leads at the thermiator.
1 These field concentrations can produce effects in the cells immediately surrounding the thermocouple
4 tip and produce sufficient hesting to modify the temperature seen by the thermistor itself. These
) problems can be alleviated somewhat by surrounding the tharmistor with a dielectric material to
prevent the fringing fields from concentrating in the tissues themselves. This would tend to increase
the response time of the thermistor, howsver, due to the thermal barrier produced by the dielectric
material. The second problem can be eliminated by extending the thermistor leads beyond the sensing
element a sufficient distance to remove the element from the rringing fields. This latter approach,
howsver, cannot be indiscriminately used to monitor temperstures in animals whore bioiogical effects

are simultanecusly being monitored since in many cases effects on cells near the terminals may
1 contribute to the general effects.
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4. Microwave Diodes

The same techniques involving microwave diodes and dipoles that are used for direct measure-
ment f (lelds in air can also be used {. tissues, There are difficulties, however, wince the ratio
of the dipvle length to feedline meparation must he kept large to maintain accuracy while at the
same time the dipole must be sufficiently short to implant with a probe., Bowman [7] proposes an
implantable diode using three orthogonal dipole and diode comhinations of this type with amall
high resistance plastic filaments as lead wires. Johnson and Guy, [11] have used a microwave diode
with piytail leads cut to 1/2 cm as a dipole antenna to make field measurements at the brain surface
of a cot. The major problem with (his type of sensor is that it must be calibinted for each timsue
that it {s placed in to account for changes in dipole mource impedance, With a proper design,
however, the impedance problem could conceivably be solved. Recent work by Bassen [#! has been

directed toward this type of measurement, but at this time there does not seem to be any configuration
that has been tested in biological tisaues.

I T P T ] T T 1 T 4 X

5. Fiber Optic Liguid Crystal Probe

. TR

Johnson, et al., [ 9] has developed a probe for measurement of tewperature in tissues under
exposure to electromagnetic fields, The probe is essentially transparent to the electromagnetic
field since it does not possess metallic parta. It utilizes fiber optics to transmit information

& to and from a sensor tip that consints of a liquid crystal thin film. The sensor tip, which is
ﬁf inserted {nto the tissue at the point where temperature or dosimetry information is needed, consists
3 §§ of a4 bulk liquid crystal encapsulated between two nested mylar(ﬁfcups and fitted over the tip of the
3 B fiber optic bundle, Ome-half of the fiber optic strands is used to trunamit red light from a light-
3 g_ emitting diode into the liquid crystal material, and the other half carries scattered red light back
: § to a photo detector. Any temperature change in the liquid crystal shifts the color center resulting ! E
g ¥ in a change in backscattering of the red light. The device 18 capable of providing an output voltage H !

change of 20-40 mW/°C. Tests have shown that the probe is capable of measuring the true temperature §

in tissues exposed to electromagnuetic fields without producing any changes in the field configuration )
fa the tissues.

Aok i

6. Measurement by Thermography i J

Guy [10]), and Johnson and tuv, [11] have described a method for rapld evaluation of absorbed : 3
power density in tissues of arbitrary shape and characteristics when they are exposed to various
sources, including plane wave, aperture, slot, and dipoles. The method, valid for both far- and
near-zone ficlds, involves the use of a thermograph camera for recording temperature distributions
produced by energy absorption in phantom models of the tissue structures. The absorbed power or
magnitude of the electric field may then be obtained anywhere on the model as a function of the
square root of the magnitude of the calculated heating pattern, The phantoms are composed of
materials with dielectric and geometric properties identical to the tissue structures they represent. i
Phantom materials have been developed which simulate human fat, muscle, brain and bones. These '
materials have complex dielectric properties that closel; resemble the properties of human tissues
reported by Schwan [12]. The modeling material for fat may also be used for bone and the synthetic
muscle can also be used to simulate other tissues with high water content. A simulated tissue
structure composed of these modeling materials will have the same internal fie.d distribution and
relative heating pattern in the presence of an electromagnetic source as the actual tissue structure,
Phantom models of various tissue geometries can be fabricated as shown in Fig. 8. They include
circular cylindrical structures consisting of ayntheti: fat, muscle and bone, and spheres of synthetic
brain to simulate various parts of the anatomy. The models are designed to separate along planes
. perpendicular to the tissue interfaces so that cross-sectional relative heating patterns can be
measured with a thermograph. A thin (0.0025 cm thick) polyethylene film is placed over the precut
surface on each half of the model to prevent evaporation of the wet synthetic tissve, Tn using :
the model, it is [irst exposed to the same source that will be used to expose actual tissue. The :
3 power used on the model will be considerably greater, however, in urder to heat it in the shortest
L possible time. After a short exposure, the model is quickly disassembled and the temperature pattern :
3 over the surface of separation i{s observed and recorded by means of a thermograph. The exposure is |
applied over a 5- to 60-s time interval depending on the source. After a 3~ to 5-s delay for
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separating the two halves of the model, the recording is done within a 5-8 time interval, or less, : :
Since the thermal conductivity of the model 1s low, the difference in measured temperature distri- i i
bution before and after heating will closely approximate theheating distribution over the flat :

surface except in regions of high temperature gradient where errors may occur due to appreciable
diffusion of heat. The thermograph technique described for use with phantom models can be used on
test animals. The animal under test or a different inimal of the same specic:i, size and character-
istics must be sacrificed, however. The sacrifi.cd animal is frozen with dry ice in the same position : :
used for exposure conditions. It is then cast in a block of polyfoam and bisected in a plane parallel . i
to the applied source of radiation used during the experiment. Each half of the animal is then ;
covered with a plastic film and the bisected body is returned to room temperature. The same ‘ i
procedure used on the phantom model is then used with the reassembled animal to obtain absorbed :
power patterns over the two-dimensional internal surface of the bisected animal.
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rig. 9 1llustrates the thersograms obiained by Guy [10] for e plane Mlayered simulated fat
and suscle modal expossd to vaveguide and aparture scurces of varyiag haight 8, as flluatrated ia
rig. 14, Since the specific heat amd density of the fat {s a factor 0.33 to 0.45 saslier thaa thet
of the muscle, the tedperature curves in the fat (0 < =y < 2.0) must be reduced Ly this factor to
be represeatative of absorbed pover. Whea this reduction is made there {s close correspondsnce
betwesn these exparimental results and the thworstical resulte discussed by the author im a previous
section of this series, "Biophysics - Energy Absorption and Distridution.” The thermograph camera
was sat to obtain & "C" scan, displaying s two-dimensional picture of the eatire ares Hwested
(intensity proportiocnal to temperaturs) in the x-z plane, ss showm in the uppur left portiom of sach
collection of thermograms. The acale on the cscilloscope indicator was set so that owe large diviston
wvas equal to 2 ca. The horisontal widline with the small subdivisions on sach therwngram corresponds
to the & axis of the geometric center of the apsrture and parpsndicular to the flat interfaces of the
phantom tissue. The vertical midline with the small subdivisions corrssponds to the fat and muscle
interface. Photographs of tha "3" scans shown on the upper right of the figure were also taksa in
the x-g plane corresponding to various depths, 2 = 0, .5, 1.0, and 1.3 cn 1in the aynthetic fat. The
photographs which are double exposurcs taken both before and cfter irradiation of the model are
oriented so that the deflection to the left is proportional to the temperature as & fuaction of x»
(vertical direction on photograph). The tempsrature difference AT betwesn superimposed "B" scans (with
tha sase vartical x acale a# the “C" acans) is approximately proportional to the absorbed power
density distributions and the squsre of the electric field over the regions scanned, as described in
the previcus section. Temperaiure scale corresponds to 2.5° per division. The feaily of "I" scans in
the lower vight of the figure were recorded for muscle region. The "B" scan at the lower left of the
figure is & scan taken along the z axis of the applicator. Note the discontinutty due to the
difference in electrical properties of the two media. The thermograms clearly show that the fat to

muscle heating ratio is minimized for b = 13 ca (b = one wavelength in fat) and bacomes excessive for
sperture neights less than 1/2 wavelength.

2. Spherical Tissua Models Exposed to Various Souvces

Pig. 10 fllustrates the results of applying the mathod to the simulated spherical brain
structures shown in Fig. 8 {2). Thermograms at the left of the figures are "C" scana taksn over
the surface of tha separated hemisphere while the thermograms in the middle are “B" acans taken
before and after exposure to the microwave sourcas proportional to the absorbed power along the s
axis of the spheres. Thermograms at the right are also "B" scans taken along the x axis of esach
sphare. The graphs balow the "B" ccans are comparisons between theorstical and mesasured absorbed
power. The results agree well with the exception of the deviation between the theoretical and
sxperimental values of large apheres exposed to 918 MH: power., This is due to :he converging fields
of the finite aperture source that was used to irradiste the phantom model at this frequency.

3. Circular Cylindrical Tissues Exposed to Various Sources

Triple-layered circular cylindrical tissue models roughly simulating portions of human thigh
and arms, shown in Pig. 8, were axposed tn a number of sources (2 ]. The large cylinder consisted
of simulated bone of outside radius 1.9 ci, muscle of outside radius 6.3 cm, and fat of outaide radius
8.9 ca. The smaller cylinder, composed of the sam: materials, had respactive interface radii of
0.95, 3,18 and 4.45 cm. Thermographs were taken of the models after thay were exposed to a 2450 Mz
approximate plane wave source consisting of the favr-zone field of & horn antenna in an anechoic
chamber. Pigs. 1l and 12 illustrate the results in terms of a standard cylindrical coordinate system
corresponding to the cylinder geometry. The data on the left side of each figure were taken froms a
R - ¢ plane surface of the cylinder with the incident magnetic field parallel and the electric field
perpendicular to the z axis of the cylinder at ¢ = 0°. The data on the right side of the figure were
taken from the R - 3 plane surface of the cylinder with the incident electric field parallel]l and the
magnetic field perpendicular to the z axis of the cylinder at ¢ = 0°, The "B" scans for each modal
wvere taken in the R - ¢ plane along lines corresponding to ¢ = 0°, 45°, and 90°, as marked on the
“C" wcans of each left~land figure. The single "B" scan for the right-hand figure was taken along
the R axis in the ¢ = O plane. The temperature information was converted into relative heating
patterns expressed by dotted lines and compared to theory as expressed by solid linas in the figures
below the "B" scans. The spatial scales are 2 cm/div and tha temperature scales are 2.5°C/div. The
theoretical results due to Ho, et al [13] show good agreement with the measured relative heating
curves. The models wvere also exposed to other type sourcas including the direct contact cavity
applicator illustrated on the right of Fig 1) operating at 750 and 915 MHz, sud a commercial
European 433 Miz (12 cm long capacity-loade | dipole) diathermy applicator shown at the left of
Fig. 13, The thermographic results from exposing the models to thess linearly polarized sources are
illuatrated in Figs. 15 and 16. The fo.mat for each figure is the same as for Figs. 1l and 12,
except all "B" scans are limited to the ¢ - 0 axis. Theoretical curves dus to a plane wave source
are compared to thes experimental results for these cases also. Although the actual sources used
wvere finite in size, the agreement in the results for the exposed left sides of the cylinders are
surprisiogly close. The patterns clearly show the increased penetration of the fieids into the '
muscle and the decreased field smplitude in the subcutaneous fat as the source frequency is lowered.
Reflections from the fat-muscle interface are clear at all fraquencies, while reflections from the

bone are apparent only at the lower frequencies where penetration is sufficiently deep to produce
the visible heating effacts.

;. ox . : = N IR TRUUIPU SO LI RSN PIESPESE DR
- — . = PRI SR S

;
- “_AMA.A_AJ



T P S AT

T TTHAS

L

P

TR Y AT T, T T T

- ":'l‘z/'ﬁ"“m;?‘ﬂm,‘v M

R PR ol

L5
¢
Eo
o

“

It has been showe: that when ellipsoidal bioclogical tissue bodies, samall compared to a wave-
longth, are exposed to plane wave fields, the absorbed powar density patterns may be obtained from
the simple superposition of the internal eleciric fields obtained from the quasi-static solutions
of the electric and magnetic field coupling calculated independently {14],[15]). Thua, the solutions
may be used to determine the abesorbed power characteristica for any arbitrary cosbination of electric
and magnetic flelds as long as the proper relative amplitudss and phases of the incident fleld
components are used when the solutions eve supsrposed. We would expect similar conditions to hold
for arbitrary shapes such as a figure of man as long as the body weight is small compared to a
wvavelength., The major problems for whole body exposure of a phantom wman in the HF hand are:

(1) tha phantoa model w.uld be excessively large and cumbursons, and (2) the HF pover flux densities
required to produce thermographically measurable temperature incteases would require impracticably
high transmitter powers and large antennas. The most logical approach is the use of phantom wodels
of man scaled down in size and exposed to fields scaled up in frequency [16).[17]),[18]). This can

be accomplished by the use of aynthetic tissue material wiLh the same dielectric constant of actual
tissue and electrical conductivity and exposuve frequency increased by scale factor. The power
absorption pattarns {n the model will then be identical for exposure to the model fraquency as those
for the full acale model exposed to tha wmodelled frequency, with the axception that the magnitude

of the absorption will be increased by the frequency acale factor for the same applied field
intensitiea. This provides an immediate advantage of lover required power. At the wavelength ve
are concerned with, the externally applied field components have the same effect on the power
absorption componentas whether they originate from a propagating wave or a quasi-static source,

Thus, we are free to use any source that will illuminate the model with uniform electric and magnetic
components. The resonant cavity provides the most efficient conversion between a given amount of
source power to high intensity electric and wmagnetic field components. Fig. 17 fllustrates the
phantom scale model of man exposed to the fielda in such a resonant cavity. The particular cavity
1llustrated was designed for T™)1g and TE)g2 mode resonance at 144 Miz. BRach mode can be fed by a
separate probe with variable control of the relative phase and amplitude of the pover delivered to
the feeds. A scale model man or other exposed subject is normally oriented in the center of the
cavity at the position of maximum electric field and zero magnetic field for the TM);o mode and
naximum magnetic field and zero electric field for the TEjp; mode. The resultant electric and
magnetic fields ave therefore in space quadrature and independently controllable in phase and
amplitude at the position of the exposed model so that any {ield impedance condition can be simulated,
including plane wave conditions. The tope of Fig, 18 illustrates the thermographic results of exposing
a 4.3 cm diameter sphere to the 144 MHz TMjj( electric field in the cavity simlating a 51.2 cm
diameter sphere of muscle tissue exposed to 24.] MHz. In thic case, the electric field vas parallel
to the planc of separation along B-B'. The upper left of the figure displays the intensity or 'C"
scan, the upper right {s a profile scan with multiple linear "B" scans across the surface, and a
singie linear scan taken before and alter cxposure of the model is shown along the line A-A' on the
intensity scan. The resulting double exposure is shown directly below the intensity scan. A similar
double scan was taken along line B-B', indicated on the Intensity scan and brightened along the
profile scan. The results are shown directly below the profile area.  The measured powes absorption
was corrected to the equivalent value for the full scale and normalized for a square rms electric
field by 1 V/m by dividing by the square of the cavity ficld., The experimental and theoretical values
of W, calculated for the potnt indicated by the arrow, is shown under the figures. The radius R, the
frequency scale factor af, and the frequency f, are shown at the top of the figure, The bottom of
Fig. 18 {llustrates the results of exposing the sphere to the magnetic fleld with a similar format
for the display of the thermographic results. In this case, the absorbed power characteristics are
normalized to a magnetic fileld intensity of 1 A/m.

The intensity and profile scans for the electric field exposure show very little absorbed power,
as expected, because of the poor coupling of the electric fleld to the sphere, Prior to exposure,
the tamperature of the model sphere was lower than the surrounding styrofoam enclosure. After
exposure, the surrounding enclosure was heated more than the synthetic tissue by the external elec-
tric fields producing a halc effect, as seen on the intensity and profile scans, The A-A' and B-B'
cross~sections of the synthetic tissue, however, closeiy correspond to that expected by theory.

The edges of the spheres are indicated by the “ite lines on the A-A' and B-B' scans. The exposure
of the aphere to the magnetic field perpendicular to the observation plane produced the classical
sbgorption pattern increasing with the square of the distance. Note that the peak value of

W = 0,366 W/kg agrees very well with the theoretical vajue,

Fig. 19 ifllustrates the resgults for an ellipsoid simulating a 70 kg man with a/b = 5.0, a = 74.8 cm
axposaed to the E and H fields. The major axis of the ellipsoid {s oriented parallel to the electric

field and the magnetic field is perpendicular to the plane of observation, The results match very
vell with the theoretical distributions predicted by Equations 14-16 {n a previous section of this
series "Biophysics - Fuerwy Absorption and bdictribution . The uniform

absorption due to the electric field is more apparent and considerably higher than that of the
corresponding spheres (factor of 44). The absorption due to magnetic coupling is changed considerably.

it increases rapidly with distance from the major axis and decreases gradually with distance from the
ainor axis along the periphery.

5. Spheres and Ellipsoids Exposed in Cavities

In a number of inveatigations on the biological effects of electromagnetic radiation,
matallically enclosed cavity-type chambers have been, or are being, used for exposing small animsls.
The major advantages of this method are: (1) coupling efficiency is high, so only relatively low
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pover sources are needsd, (2) outside radietion is eliminated, preven.ing interfereance to other users
of tha frequency, snd (); dosimetey ts parctially sinplified aimce with preper cavity desigm, all of
the troasnitted power vhich is easy to msasure vill be abesrhed by the amimels.

e majcr disadvantages of the mathod, howevar, are: (1) difficulr® in relating the sagnitude
of the fislds im the cavity snd asseciated affects ou the animals to the case of human exposure to
o plane vave radiation, (2) difficulty i(n determining the distributiom of the absorbed sasryy smowng
the subjects, and (3) difficulty in detarmining the distributionm of tnergy between the saimals and
other absorbeat saterial such as food and water vhen sultiple subjects or objectas ars ginseat.

Guy and Korbel,. [19) have shown that when groups of animals arve exposed in cavities, it ia axtremely
difficult to maintain a constent absorbed pover rvelationship inm sach animal with respect to the power
incident to the cavity. The results ahow variations as grest ss 1000 to ! ia absorbed power intannity
tn the animal, depending on its position with the reat of the subjects or its position within the
cavity. Contact with aetallic walls or standsrd-type vater dispensera can also pruduce aerious
prodlems. MNeasurements vith a standard power density meter semaitive oaly to electric fields cannot
be used to predict the power sbesorption in a particular animal exposed f{n the cavity since absorption
asy aleo be Nghly dependent on the magnetic field strength which tends to be maximum in regiuns
vhere the electric field strength is ninimus. When single cibjects are exposed in such chambers,

hovever, the total absorbed power in the subject can be esasily determined by standard msans, as
dewonstratod by Justesen aad King [20], Hunt and Phillips [21].

The techaique involves the exposure of a single subject in a high Q cavity such that all of the
pover entering the cavity is absorbed by the animsl, thus, the total absorbed power ur the average
absorbed power density can be calculated. Unfortunately, thia does not give any information on hot
spots or peak absordbed power density. The thermographic technique deacribed previously can be used
to determine this in phantom models or actual animal bodies providing certain precaution) are takean.
nadels described previously wers bisected aloug limes of symmetry with each half covered with a thin
plastic film, Thua, the technique is only applicable to linearly polarized fields where tue object
can be oriented parallel to the field lines. PFor arbitrary-type polarization such as sxisting in
cavitias or in wore general exposure conditions, a different technique has bean developed by Guy,
et al., [22). Instead of using a plastic sheet attached to each half of a model, a silk acreen
layer ia atretched very tightly over each half section. Animal tissue matte: or modelling material
will flow through the openings in the silk acrszen providing foi good adhesion and electrical coupling

betwean the two sections of the wodel. The models can eaaily be separated &nd rejoined repsatedly
wvithout loss of adhesjon or electrical comntinuity.

A number of wodels with the same electrical properties as human or beef muscle, including spheres
6 cn {n diamater and 14 cwm in diameter, and ellipsoids with axial ratiog of 2.1 to 17.2 ca were
tested in 2450 MAz and 915 MHz standard microwave ovens uasing the technique. Each oven was {nstru-
mented so that the incident and reflected power at the feed to the oven cavity could be measured
during exposure. The intact models were exposed in each oven for 5-60 sec and thermograms of the
plane of separation were taken befors and after exposure in a manner similar to that dascribed
previously, Scans were made of the half-model corresponding to the three major planes of orientation
as illustrated in Fig. 20 for the 6 cm diameter gpherical model, The coordinate system was defined
with the origin at the center of the expoied ohject such that the x axis was directed toward the
front of the oven and the z axis in a vertical direction, Single scans were made over regions of
saxinum power ahsorption and along the major axis. The net power to the oven, Pn’ and the maximum
absorbed power density, W___, as calculated from the thermograms are given in the figurea. Since
the object was rotated on Cthe & axis on the standard platform in the 918 MHx oven, the patterns in
the x-z and y-z planes 4re identical for that case. Fig. 21 {lluatrates the patterns for the 14 cm
diameter sphere, Fig. 22 for the ellipsoid with the major axis oriented along Lhe x axis, and Fig. 23
for the ellipscid vwith the major axis oriented along the y axis. The observed data clearly show
the pronounced focusing of the cavity fields in the center of the amaller spheres as observed in
past work for spheres exposed to plane waves. The data also show a marked superiority of the 918 MHx
oven in terms of power penetration and absorbed power uniformity in the larger objects.

D, WAVEGU.DE EXPOSURE SYSTEMS

A very effective and economical method for exposing small animals or in vitro preparations is
through the use of a waveguide system where the preparation to be jrradiated is placed in the wave-
guide or tranamission line. This method is a marked i{mprovement over & cavity system since the
fields applied to the preparation are truly propagating in nature and contain both E and H components.
With proper choice of waveguide or tranamicsion line size the fields can be made to closely approxi-
uate those of a plane wave. The advantages are: (1) the total absorbed power or average sbsorbed
power density in the exposed subject or specimen can be determined by measuring incident and
reflected powar at the feed end of the transmission line and the transmitted power at the terminal
end of the line with standard instrumentation, (2) measurements of biological signals from the
preparation can easily be monitored through properly designed terminals in the walls of the waveguide
without interference to the equipment and minimum disturbance of the fields, (3) the environment
asurrounding the gubject, whether liguid or air, can easily be controlled, (4) nutrients can be
supplied and waste removed with miniwmum disturbance of the fields, and (5) a relatively pure field
configuration of known characteristics can easily be maintained. Exposure apparatus ranging from
large TEN cells for exposing dogs and wonkeys {23), [24], medium size TEM cells for rats [25], and

snall waveguide cells for exposing mice have been used (26]. Additional type systems are described
below.
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1. la Vvitre Praparatioms

Pig. 24 Lllvetrates & sinmple waveguide system for ezpoaing small nerve or muscle prepai:iiens
48 visgo {27]), [20). The system comsists of a silver-plated S-band WR 284 vavaguide equipped vith
inlet and vutlet ports for civculating fluids. The fluld, which uweually consiate of tesperatura-
controlled wesmalisa Ringar's solutiea, serves an an wxposirs saviromment for maiataiaisg the
viability of a wide spuctrum of differeat fn i preparations. A tempersture-centrolled culture
sediua containiag cell cultures 2ould aleu {n such a syaten. The figure depicts a ganglion
stretched acress the waveguids batvess a sut of atimulating slecct>dan on the pre-ganglienic side
(outeide the vaveguide) and a suction electrode om the othar (with 4 glase capillary projectiag iato
the vaveguide to make ceatact vith the post-ganglion merve)., In ecas preparations, both the stimm~
lating and the recovding electrodes can be placed at opposite sides of the waveguide. A quarter-
guide vavelength of matching dielectric with a dielectric constant of & can be ueed to satch the
tncident smergy to the Rimger's solution less tham )X of reflected power. The system can ba illn-
ainated vith either CVW or pulsed power sources with {acideat reflected povers msasured by msans of
a directionul coupler and power mester or other mathods of power monitoriag while various hiological
tests are nade on the spacinen. The absorbed power demeity in the preparation can be calculated by
the following tormula

TR AR

| S J -
Pedo -l-‘-! amtox Q)

vhers

P absorbed pover density in the nerve (W/ce)

Pt incident povar (W)

Pat reflecrd power (W)

n distance betwoen the nerve and the Ringer's solution interface (cm)
Al crosa-sectional ares of the waveguide (“2)

1/a: depth of field penetration in Ringer's solution (1.78 ca at 2430 M)

Absorbed power densities up to 1.5 ¥W/kg from 100W CW sources, and 220 kW/kg poak power from
10 kW pulse aources can de produced in the specimen uaing an S-band waveguide at 2430 Muz.

2. An Improved Waveguide System for Chroanic Exposure of Intact Animals

The major disalvantages of wmost waveguide exposure aystems and, for that matter, fres field or
plane wave exposure systems for illuminating normal living animals is that the total absorbed power
by the animal can vary over a wide range depending on the poaition and wovement of the animal. Thuas,
it is extremely difficuit te maintain a match detweon the generator and the exposurs chambar. Of
course, circulators or isolators may he used with the system to eliminate the reflections, but the
widely fluctuating absorption characteriatics of the animal remains as a sericus prodlem. With
increasing evidance that long-term chronic exposures of bioclogical aystems to low lavel electromag-
netic fielde will produce effects that cannot he produced by short-term exposures at much higher
levels of field satrength, thare haz been considerable interest in exposure syatems for exposing a
population of animals for long periods of time. Plane wave axpoaure systems and cavity systems are
not very useful for this situation due to the problems that have been discussed above. Guy, et al.,
(29] have developed an inexpeansive mathod for exposing a population of arimals to a single source
while unrestrained and living undar normal laboratory couditions with accesa to food and water and
efficiant vaste removal without diaturding the field conditiona. The system considts of a nmumbar of
individual exposure cells connected through a power divider nstwork to a single power source. BEach
cell consists of a section of circular wvaveguide constructed of galvanized wire screen of .63 cm
square mesh, as shown in Fig. 25. At each end of the guide are identical, readily remcvable, and
compact transducers for coaverting TEM fields at coaxial cable inputs to either right- or left-hand
circularly polarized TE); mode fields in the cylindrical waveguide. The assembled cell consists of
a four-terminal davice vith two terminals at each end. Power fed into the coaxial terminal, Ry, at
the feed transducer will launch a right-hand circularly polarized vave which will propagete dowm the
guide and couple to thie coaxial terminal, R,, at the load end. Similarly, the power fed to the ter-
winal, Ly, will launch a left-hend ctrculari’y polarized wave vhich couples to the terminal, Lp, at
the load end. In an unloaded cell, there will be no cross-coupling between the R and L terminals.

During operation of the system, a rodent housed in a plastic chamber of adequate size for
normal living conditions is placed in each cell. BEach aniaal may move freely around in the chamber
wvith very little change in power coupling characteristics. The incident circularly polarized wave
insures that the animal is uniformly illuminated with a propagating field (not unlike a radiation
field), rvegardless of his orientation and movements. The severe changes in coupling dues tu animal
orientation with respect to field polarization observed for plane vave axposure systems are virtually
eliminated, When pover is fed to terminal, Ry, reflections from the animal arrive at the feed
transducer chiefly as a circularly polarized wave at the opposite aense of rotation, thereby coupling
to the other terminal, Ly. Powar transmitted beyond the animal remains in the z:»» «ense of circular
polarization so wost of it is coupled to the terminal, Ry, at the load vith a negligible amount coupled
to the other, L;, torminal. Laboratory measurements indicate that the input VSWR rarely exceeds 1.5
and never excu&a 1.8 at the input terminal, Ry, of a cell loaded with a freely moving rat, regardless
of the position of the animal. Furthermore, the transmitted power to the L terminal at the load end
rarely exceeds 0.1 of that tranamitted to the R terminal. Thus, for a givem incident power level to
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the cell, the approximate total power coupled to the animal cam easily be deturmined by subdtracting
that asasured at termninals and R, of the cell from the totul. [f greater accuracy fe desired,
the small reflectioms to terminal Rp and power coupled to terminasl can slee bo subtracted. The
abeorbed power density distributions can ba measursd in phantom models of & test smimal exposed 1w
the svetem using a thermographic techaique. Tests made un ellipsoidal phantom wodels of a 333 gm
rat anposed in various posaible shapes and positions ia a 20 cm diameter exposure chamber operatimg
at 910 MHz indicstid that the subjacts absorbed appreximately ons-quarter of tha input power to the
cell, regardleas of position. Based on 1 W input (average inctdeat pover density of ) sil/cm?) cthe
average absorbad power density varied from 0.47 to 0.6 W/kg and the peak shsorbed pover density
varied from 0.7 te i.15 W/kg in the phantoms. A low=cost 700 ¥ microwave source can be used with

the system to expose as many as 200 animals to a power density as high as 10 wi/cn?. The maxisum
available pover damsity could be increased inversely with the nuaber of subjects to approximately

2 W/cm¢ for a single subject which would allow short-term exposures to be made for doaimetry purposes.
Water may be supplied to the animal via a standard witer bottle and glass tube arrangemeat. Currents
duy to the contact of the animal with the water supply are eliminated by a quarter-waveleugth choke
decoupler surrounding the water tude at the pvint of wetry iato the chamber. Dry food pellets cam

b¢ supplied through the chamber by means of a special dispenser and waste materiale can be alloved

to drop out of the chamber through special plastic funnels and portholes.

E. ABSOREED POWER DISTRIBUTION IN ANINALS AND MAN EXPOSED TO VARIOUS BLECTROMAGNETIC SOURCES

1. Eabbit Nead Exposed to 2430 MMz Diathermy "C" Director

The absorbed power distribution along the anter:o-posterior axis of the eye and extending to 3
the head of a rabbit exposed to a witrowave diathersy "(" director was deterained by uae of the 3
thermocouple micropipette technique descrided in Section B-2., Tha snimals were exposed to the near- J
zone of the applicator with horizontal polarization and the distance bdatwean the crossing point of
the dipole feed and cornasal surface of the eye set to 3 cm. Incident pover density at the sane i
position as the right sye of the rabbit was weasured with a Narda 8100 eslectromagnetic radiation A
monitor with the animal absent. The abaorbed powur density patterns for five animals are shown in
Fig. 26. 1In all cages, the absorpticn veached peak values within the vitreoua_body adbout 1.5 cm
behind the cornea, with a mean value of .92 W/kg based on a normalized ) aW/cu? incident power level. :

2. Rabbit Head Exposed to 24350 MHz Resonant Slot Antenna

Power deposition patterna based on measuresents made in four albino rabbits exposed to a
horizontal resonant slot antenna {rha ground plane large with respect to the head of the animal) are
shown in Fig, 27. The solid curve corresponds to the wmean, whereas, the shaded portion shows the

stardard error of the mean., Spacing batween the slot and the rabbit was set 3 ca with the measurements
made in the same nmanner as that described in the above section,

The curves illuatrate the absorbed i
power density in W/kg per watt input to the alot. ;!
3. Rabbit Exposed to Approximate Plane Wave Field ’

Fig. 28 illustrates the pcwer absorption density pattern ssasured in a vabbit exposed to :
2450 MHz fields normalized for 1 mW/cu? as measured along the body axis of the rabbit. The radbit

vas illuminated over the dorsal body surface by atandard gain horn spaced 100 cam away with the electric

field polarized along the axis of the body. Thermograms taken on the rabbit by the techniques 3
described praviously were processed by computer and isopower abgorption lines were plotted as shown
in the figure. Puover absorption measursments were measured along the anterlo-posterior axis of the
eye by the thermocouple micropipette technique. Measurements werc taken for the illumination of the
dorsal surface parallel to the long axis and also with i1llumination of the right lateral surface,

with E perpendicular to the long axia, as shown in Fig. 29. These measurements agree reasonably well
vith the thermographic measurements.

it o1

4. Cat Rxposed to 913 Mlis Aperture Source

Fig. 30 illustrates thermographic recordings taken to assess the absorbod powsr density in
actual cat head and a 6 ca diameter phantom spherical wodel of the head. Therwograms werg teken for 1
exposure of the head to a 918 MHr 13 X 13 cm aperture source spaced the distance 8 cv from the dorsal

surface. The rasults clearly show the presence of high absorption areas or hot spota in tha head of

the exposed cat prudicted from the theoretical calculations for a sphere. Both :l\! theory and the
neasurements indicate approximataly 0.8 W/kg peak absorbed power density per mW/ca‘ incident power

density. Fig. 31 illustrates measured absorbed power patterns in the head of the cat and the phantom

sphere by different methods as a function of distance from the top of the exposed surface. The values !
are based on a 1 W input power to the 918 Miz aperture source under the same exposure conditions
described for the previous figures. The curvea illustrate thermograms taken on a phantom sphere and
the center of the dead drain. They also iilustrate thermocouple and micropipette measurements at the

center and off-center of the live brain, as well as the microwave diode measursments uasde at the
surface of the dead brain.

3. Rat Exposed to 9.8 Miz rture Source

Fig. 32 fllustrates the thermograph of s study made on a phontom tissue model of the body

of a rat exposed to 918 Miz 1) X 13 cm aperture anurce spaced 8 cm avay from the snimal. The results

clearly illustrate unpredictable absorption peaks that may occur in the body and tail of the rat.

The profound sbsorption 8.6 W/kg at the base of the tail is dus to tha increased current density :
resulting from the sharp change in tissue cross-section. Tne low absorption in the pelvic avea is i
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probably due to & standing wave aull resulting from body resomance comditions simce the rat model i»
approuimately ons vavilength lsag. Nesults indicate that one must be entremely carefu) in drewing
conclusions from tempetature msasuremsnts nade with rectal therwomstera. Alec, one cammct make the

easy asounption that keeping the tail or say portion of the ret out from the direct besm of tadia-
tion will iasurs aon-expesure and, commequently, wo absorption.

¢. Phanton Nem Kxpossd to Mimolased BF Pields

Fig. 33 illustraten tharmograms taken for & ocale model man exposed to an slectric fleld ori-
eated parallel te the long axis simulating & 1.74 u high 70 kg mem exposed to a simulated 31 Mis
cleccric field in the cavity described im Sectiom C-4. Single profile scans were taken through
regions of iatensive abeorption. The edges of ths man for sach acem are indicated by white vertical
limes. The arvow indficetes the positien in which the peak absorbed power deasity was calculated.
Areas of mazimum sbsorption cccur in the smaller cross-sectioms of the body such ap the knees, sakles
and the neck. Note that the saximum absorption at 13 W/kg for a 1 V/a iacident field is rore then
three ovders of magaitude higher than that of am equivelent voluse sphere and approximately two
orders of wagaitude greater tham that for an eyuivalent volume ellipsoid, tllustrated praviocusly ia
Pig. 19, Tha high shgorption (n the narrov cross-sections of the body is dus to the comstriction
of tha imduced curreat along the lemgth of the dody, thereby imcreasing the curreat deasity and
slectric fislds im those areas. The ares are not affected since they are parallel to the large cross-
ssction truak which shunts most of the induckd cutrents. Fig. )} fllustrates thermographe takea for
the same asn expoetd to & magaetic field perpendicular to the frontal plane simulating a 31 MMz
exposure. For this case, c’rculating eddy curtents are produced. There is generally high absorption
aloag the sides of the body in the ares of the ribs of appronimately 2.32 W/kg for 1 A/a incident
uagnetic field intensity. Peak abeorption occurs in regions where the flow of the ctirculating eddy
currents are forced {nto the smaller cross-sectional areas or arn diverted by severe angular changes
of the tissue such as the region near the axilla and the perinsum. Since the maximum power absorp-
tion due to the electric field exposute occurs wivire there is mininal pover exposure due to the mag-
netic field exposure, we can pradict maximum power absorption deasity for a plane wavs tield fros
the valuas given in the previous twe figurean. Enxcept for a change i{n wmagnitude, the resulting
patterns are identical to those which would occur in actual full scale subjects with homogenecous
dielectric tissue composition exposed to fields at any frequency below those indicated. Thus, the
results can be extrapolated down to cover the entire RF frequency range, the low frequency range,
and even VILF and ELF trequencies. At lower frequencies, however, the nerve and muscle tissues can
bacome anisotropic requiring a much more sophisticated wodel.

P, LOCALIZED POWER ARSORPTION DUE TO ATTACHED INSTRUMENTATION AND IMPLANTS

When conducting objects, wires, or aolectrodes are brought {n contact with or are implanted in
biological tissues exposed to EM fields, high intensity fields may be induced locally where the
conductors come in coatact with the tissues. These fislds can be many ordera of magnitude greater
than the fields that would normally be present without the presence of the conductors. This is
clearly illustrated by Fig. 33 shoving thermograms taken of the head of the cat exposed to 918 MHx
aicrowives, both with and without the presence of a metal electrode inserted in the brain.

With proper eslectrode design using conductors with electrical conductivity close to tissue some
of these problema may be avoided. The use of so-called “tranaparent leads" used for the leads of
BN hazard survey meters in most cases will not eliminate this problem even though they do not diaturd

the applied field since even weak currents induced in the conductors cam produce high current densi-
ties at a point of contact with tissue if the contacting area is small.

Fig. 36 illustrates some of the various situations one may encounter and some simplistic wodels
to provide a firs; order analytical determination of the field enhancements that may occur in the
rissues due to the presence of conductors. The figure illuatrates tissue bodies of dielectric con-
stant cf exposed to EN fielda with an electric field intensicy By Fig. 36-a illustrates field
enhancement due co wires connecting external instrumentation to electrodes in contact with tissues.
Fig. 16-b illustrates field enhancements due to implanted ancapsulated instrumentation such a3 used
for pacomakers or for telemetering biological information from the body of the subject. :'ig. b-c
illustrates the field eghancement due to implanted conductors such as surgical pins, prosthetic joints
and counducting electrodes. For all these cases, currents will be induced in the conductor portions
of the inatrumentation or implants resulting in field enhancement and an increased absorbed power

density, W,, usually much greater than the normal absorbed power density, W. The value of ¥, will,
An insight as to the severity

in general, increase with the length, L, of the leads or the implant.
of the problem can be gained by considering some equivalent configurations more amenable to analysis.
For exanple, the external leads may be represented by a cylindrical conductor as shown in Fig. 36-¢,
and the internal insulated implant represented by the implanted coaxial antenna shown in Fig. 36-e.

A radius, a, and a length, L, is assumed for the conducting portion of each antenna and an insulaticn
radius of b, and djelectric constant ¢4 is assumed for the implanted coaxial antenna. Each of these
cases can be analyzed in terms of the equivalent circuit shown in Fig. 36-f where an equivalent
genarator with open current voltage equal to the product of the effective length of the antenna and
tha electric field strength in the direction parallel to the antenna is shown.

the sovrce and electrode impedances of the antenna, and I_ is the electrode current. If we assume

r..at the contact of the conductor with the tiasue in each case is hemispherical with wniform current
density, Jg, normal to its surface we have

2, and I, represent

I = I.IZHZ 2)
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The factors of increase of current density, J, electric field E, and power abaorption density W
normslly present in the undisturbed tissue due to the presence of tho eleccrode would be telated by
J /3 = RJ/E e (\O,I\l)"2 where subscript e denotes values of each quantity at the tip of the implant.
l' we consider a conducting ellipeoidal shaped implant with dielectric conatant ¢ and major and
ainor axes 2a and 2b small compared to a wavelength in the tissue, as shown in Fig. 3A-0, we may
use equations 10-12 previcusly discussed by Guy in this Lecture Seriea “Biophysics - Energy
Absorption and Distribution” Section E, to predict the increase in field intenaity and absorbed
pover at the tip as a function of b/a and dielectric constant of the implant. Fig. 17 illustrates
the increase in field intenaity for various materials fmplanted in wuscle with dielectric propertics
an showm. With dielectric conntants or conductivities large compated to that of tissue {muscle at

4 frequency of 2430 MH2) the minimun factor cf enhancement would be ) with b/a = corrasponding to
the npherel and the maximum would depend on the {mplant matertal with values as high as 107 for
copper, 10% fur carbun, and 13 for the teflon-carbon polywmer. The latter material {s used for
fabricating transparent leids for EM hazard meters and instrumentation used in the preaence of EM
fields. The nvater the properties of the object are to those of the tissue, the closer the enhance-
ment factor {s to unity. When the object is appreciable in size compared to a wavelength, the

analysis ia much more complex, but we would expect similar degrees of enhancement as ptedicted for
the quasi-atatic analysais,

The enhancement due to an externally applied cylindrical lead shown in Fig. 36-d can casily be

calcalated from antenna equations. For a thin rod antenna, short compared to a wavelength, we can
obtain the approximate expreasjons v

L!ff - L/2, Za - (JanC)-l. C~ chohlln(Jni). and z‘ - &Wt:a.

av)
Since IZ{{ > [zel. the maynitude of the current is
F L2 2r7E Lo
1 = — s e
2, md
s arl 3
and the enhanced field is
r
Bo ™ . Tilel (%’2
anar g a_ In g!“") t
m
avi

whervas the field in the tissue based on continuity ot the displacement vecter across the
air-tissue interface would be

*
E= Eolltm[
so the factor of field enhancement is
*
L1 !c If ”
RO IR (5)
E 0 ln(g%:) a
avl
[ mho
or for muscle tissue at 2450 MHz with ¢ = 47 and op = 2.21 7~
Fe L2, 2L (6)
" 1.53 (;) 1lat=)
6

Thus, with L/a = 100, Ee/E = 3222 and we/w - 107 corresponding to a large field intensification
at the point of contact. For longer antennas the impedance Za would be less, and 1 would be

greater, resulting in an even greater intensification of the field.

For an implanted insulated antenna, shurt compared to a wavelength, shown in Fig. 36-e,

. -1
Leff = L/2 and Za o (y2+fC)

where

2wc0rdL

€ Tnt/a) M

and 6g ~ the dielectric constant of the insulation. For this case, we obtain

PP R
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- o‘ln(bh) @) (8)

or for €4 = 2.25 and b/a =

E
e -1 L.2
g =10 Q 9

When L/a 1s typically in the range 10 to 100, Ee/E - 102 to 103. and Helﬂ - 104 to 106

indicating that significant field enhancements can occur even for implanted insulated conductors.
Note, however, that for implanted insulated leads, the field enhancement will markedly decreass with
frequency. For example, Ee/E = 10 and We/H = 100 at 24.5 MHz. Below 2.45 MHz no field

enhanceméncs would occur except that due to the portion of the conducting electrode in contact with
the tissue, as predicted by Fig. 37. This 1s not the case for the implanted uninsulatei conductor
or external lead, however. The latter is not improved significantly for lower frequencies since
that product ]c;f] in Equation (5) remains relatively constant with frequency.
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Fig. 1. Simplified sketch of thermocouple survey meter design.
(from Johnson and Guy [11])
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Fig. 5. The block diagram of the Bowman radiation survey meter.
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Fig. 10. Therwograms of phantom brain tissue. Scale:
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VHF cavity exposure of phantom scale model of man.
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Fig. 20. Thermograms illustrating power absurption patterns for 6 cm dlameter sphere
exposed in 2450 MHz and 918 MHz microwave ovens. Scale: horizontal - 1 div =
2 cemy vertical ~ 1 div = 3.33°¢; vertical lines on major scans indicate
boundaries of object.
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boundaries of object.
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ELECTROMACNETIC INTERFERENCE OF CARDIAC TACEMAKERS

by

John C, Mitchell
Chief, Radiation Physics Branch, Radiobiology Division
USAF School of Aerospace Medicine
Aerospace Medical I'i- _ion (AFSC)
Brooks Air Force Base, - :xas, USA, 78235
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SUMMARY

The effect of electromagnetic radiation (Z’MR) on cardiac pacemakers is a unigae bioe"*scts problem.
The purpose of tnis lecture is to present the current state-of-technology concerning this effect, Current
teat procedures including methods to simulate pacemaker implant ¢ nditions and the use of fiber optica
instrumentation techniques for cardiac simulation and pacemaker interference evaluation are presented,
Test resulta and their clinical significance are discussed for different types of EMR emissions including
microwave ovens, electrical appliances, gasocline engine ignition, radar, and intense electromagnetic
pulse generatora. Reported threshold values for pacemaker electromagnetic interference (EMI) range
from 10 V/m for the mare aensijtive devices to greater than 300 V/m for the less susceptible devices.
Such EMI threshold values are further modified by the frequency and puise width of the incident EMR
signal, Maximum interference coupling appears to occur at frequencies between 100 and 500 MHs ard
the EMI threshold is inversely proportional to pulse width over the range from one microsecond to several
miliiseconds, The ultimate biolc7ical effect is dependent on the characteristics of the EMR source, the
priximity of the pacemaker user to the source, the attenuation afforded by body shielding and orientation,
a’ 1 the state-of-health of the pacemaker user, The test results presented provide considerable evidence
t .at many 'nanufacturers have recoguized EMI as a potential bioeffects problem and have taken the neces-
sary corrective actions to build devices with good electromagnetic compatibilily (EMC). Continued aware-
ness of potential interference conditions by manufacturers, physicians, and pacemaker users will
eventually resolve this problen: and serve as the basis for good EMC design for future medical prosthetic
devices.
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Luring the past decade the electronic cardiac pacemaker has been developed into & sophisticated

X prosthetic device, It is applied in medical facilities throughout the world to correct malfunctions (atrio-
! ventricular heart block) of the body's electrical conduction system tc restore the rhythmic numpiag action
of the heart,

L

At least fiity different comparies manufacture pacemakers, and some manufacturers have ten or more
: different models (electronic design and function), Figure 1 illustrates 16 different pacemakers made by
1 . ten different companiesa. In general, pacemakers may be classed as fixed rate (asynchronous) and
demand {synchronous or R-wave inhibited). Fixed rate pacemakers provide a fixed, preset rate of
electrical stimuli to the ventricles which is independent of the electrical and/or mechanical activity of
3 - : the heart, Demanc pacemakers sense the depolarizarions of the heart muacle activity and produce their -
own depolarization signals (electrical stimulus) only if the normal heart depolarizations are not present,
¢ The atrial synchronous pacemakers sense the depolarization of the atria, delay the signal to simulate
] naturs! conduction time, and then provide the electrical stimulus to the ventricles, The R-wave inhibited
demand pacemaker senscs depolarization of the ventricles if it occurs naturally and inhibits its output;
i.e., the pacemaker functions only when the AV heart block occurs (1),

prEay
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Most of the pacemakers implanted today are of the R-wave inhibited type. They contain an electronic
timing circuit which is reset by normal depolarization or the pacemaker stimulus, Their sensing circuit
is programmed to respond to electrical signals normally generated by the heart, Thus, energy pulses
induced externally via the pacemaker leads or circuitry can erroneously cuuse the pacemaker to inhibit
its needed output,

Essentially, all demand pacemakers have interference rejection circuitry which, upon sensing exter-
nal electromagnretic (EM) interference “aving bacic pulse repetition rates (PRR) greater than 50-60 Hz,
will revert to a fixed rate mode of operution, This is judged a nonhazardous form of interference, How-
ever, external EM signals having a . AR in the range of | to 10 Hz and energy pulses greater than the
pacema'.er's interference threshold value will cause the pacemaker to inhibit, and this is a potentially
hazardous situation for the pacemaker user (2, 3, 4), ' :

RICPWTREI P, - ST

Case histories of pacemaker interference reported in the open literature substantiate the potential
problem (5-11), although many cases of pacemaker EMI probably go unreported due to the nature of the
interference phecnomena, For instance, upon sensing external EM radiation, many pacemakers revert to
a fixed rate sufficiently close to their demand rate *hat the user would not normally detect the change.
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Figure 1, Cardiac Pacemakers

Top Row: Stimtech 3821; General Electric A2075A; Medcor 3-70A; Starr
Edwards 8116 and 8114; Pacesetter BD-101

Midd'e Row: American Optical 281003 and 281143; Biotronik IDP-44; Cordis
162C and 164A; Vitatron MIFP-40-RT

Bottom Row: Medtronic 5842, 5942, 5944, and 9000

High power radiofrequency radiation emitters such as air route surveillance radar can cause many

pacemakers to misas single beats as the radar beam scans past, an effect most likely unnoticed (2), Even
more serious interference may not be identified because, most often, interaction times are short, i,e.,
either the source of EMI is moved or turned off or the user moves from the particular area of the effect,

Additicnally, little postmortem fcl'owup is made of pacemaker users to identify any possible causal re-
lationship to EMI,

Notwithstanding the preponderance of i"MI data now available and general acknowledgement of the po-

tential hazard to individual use::, . :nrioversy will continue as to the clinical significance of this effect of
EMR on the pacemaker populace (12, 13},

Test procedures, instrumentation techniques and EM] test results are presented as a technological

overview of the state-of-knowledge at this time concerning the interaction of EM fields and cardiac pace-
makers,

TEST PROCEDURES

Implant Simulation

Realistic asgsessment of the effects of EMR on cardiac pacemakers must be made under actual im-
plant conditions or accurate simulation of implantation. Initizal EMI studies by the USAF School of Aero-
space Medicine were conducted by implanting pacemakers in 18-20 kg dogs and effecting a camplete
atrioventricular heart block (14), This procedure is costly and has obvious disadvantages in having to
handle the animals under a variety of test conditions in the laboratory and at remote test sites, Thus,
alternate techniques have been developed to simulate the pacemaker implant,

The Association for the Advancement of Medical Instrumentation (AAMI) working under a contract
with the U.S5, Food and Drug Administration (FDA) has developed a draft protocol ior testing cardiac pace-
maker EMI characteristics, They recommend using &« 80 cm x 40 ¢m x 20 cm container made of 5 cm
thick plastic foam (density of 0,035 g/cm3). The container is filled with 0, 03 molar saline solution and
the pacemaker and leads are located to place | c¢m of solution “.o¢ween the pacemaker and the wall of the

container, A similar arrangement used in the USAFSAM tests provided good correlation between this
method of simulated implan: a:d the implanted dogs (4, 14). With the many variables (body size, location,
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depth of implant) in actual hurnan implants, it is felt this procedure for implant simulation is sufficient
for EMI testing,

Instrumentation

Many different typee oi instrumentation techniques have been used in cardinc pacemaker EMI testing
(2, 4, 7, i4, 15), The principal requirement is that the instrumentation system be immune to the EM
fields encountered in the tests and that it present to the pacemaker & load and signal simulating those en-
countered in an actual implant situation so that the results obtained apply to a human implant, The system
should also provide real time recording of the incident EMR signal and the pacemaker responie,

Several models of pacemakers have interference rates identical to their demand rates, so it is often
difficult to determine s\ sceptibility thresholds for pacemakers in EMR fields having pulse repetitinn rates
sufficient to cause the picemaker to revert to its fixed rate. The minimum PRR values range from 10-60
Hz depending on the specific pacemaker, Thus, a method to simula’e normal heart activity at the pace-
maker leads is required so that an R-wave inhibited pacemaker would be inhibited by this simulated activ-
ity and would not produce a pulse until it detected interference and reverted to its interference mode, An
additional requirement is imposed for a synchronous pacemaker to track the simulated activity up to its
interference threshold, A system of this type has been developed and incorporates a light-emitting diode
(LED) fiber optice monitoring system (16),

The system was developed to present a resistive load near the upper limit encountered with implanted
pacemakers, Such a circuit will limit the possible range of load resistance from 350-1000 chms as the
resistance across the jack varices from 0 to infinity {see figure 2), Thus, the firing of the LED will not
radically change the load when the pacemaker pulses as would occur if the LED were connected in either
series or parallel with the load, If the LED were connected in series with the load resistance, the load
would be over 100 kilohms urtil the pacemaker pulsed; if the LED were connected in parallel, the load
would drop to under 100 ohms when the pacemaker pulsed, This design also enables a magnetic earphone
to be plugged into the jack to be used as an audio monitor to ensure that the pacemnaker is properly con-
nected to the load. The 1000-chm resistor in parallel with the pacemaker (Fig. 2) is the load the pace-
maker sees except when emitting a pulse, in which case the LED has a fairly low impedance (since it con-
ducts during the pulse). When the LED fires, the load on the pacemaker is approximately 500 ohms, de-
pending on the output voltage of the pacemaker,
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Figure 2, LED pacemaker monitor,

The LED is mounted in a subminiature audio plug. The light pipes are sheathed and contain approxi-
mately 36 plastic fibers. The end of the ligh: pipe is held in contact with the LED by a friction fit between
heat-shrink tubing over the plug and over the jacket of the light pipe. This enables the light pipe to be
removed and exchanged for a longer or shorter length, The length of light pipe which can be used effec-
tively is limited tecause of signal loss; however, lengths.of about 3 and 8 meters have been used success-
fully .

With a device added to simulate cardiac output (16), the pacemaker testing system is a satisfactory
simulation of the environment experienced by an implanted pacemaker, Figure 3 is a recording of two
pacemakers' responses to the simulator: an R-.wave inhibited pacemaker in both demand and fixed rate,
and a P-wave synchronous pacemaker in both synchronous and fixed rate modes. These recordings
illustrate the advantage of such a system to determine if the pacemaker is in an EMI mode,
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Figure 3, Facemaker Responses to Cardiac Simulator i

RESULTS

. 9
Microwave Ovens

Although most microwave ovens operate at 2450 MHz with 60 or 120 Hz modulation, the mechanical
mode stirrer produces a second modulation of about 0.5 to 10 Hz (17), Many of the pacemakers in com-
mon use several years ago exhilited serious disruption by this type of EMR emission (6, 17, 18, 19).

\ The pacemaker interference threshold was less than one microwatt/cm® resulting in the more sensitive
; devices being adversely affected at distances of several meters from the oven, The potential hazard of
this type of pacemaker interference has heen essentially eliminated with recent imprrvements in pace-

3 maker circuitry and application of EMR shielding and filtering techniques, coupled with more stringent
3 control of microwave oven leakage,

Electrical Appliances and Engine Ignition ]

The EMR emiission from a large number of electrical appliances (drills, saws, food mixers, hair
dryers, razors, vacuum cleaners, etc,) and the ignition of gasoline engines (powerboat motors, automo-
biles, lawn mowers, etc.) can cause pacemakers to exhibit reversion to fixed rates, inhibitior (cutoff),
and tachycardia (3, 7). However, in almost all such cases the pacemaker must be within about 0,5 meter
of the source to be adversely affected, Thus, as in the case of microwave ovens, such sources of EMI ar~
not considered a serious threat to most currently marketed pacemakers,

e falin

High Power EMR Emitters

Many different types of high power EMR emitters ranging from televizion transmitters to racar can
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H produce pacemaker interference (2, 5, 8, 9), ‘Typical of such emitters are the Air Route Surveillance

: Radare in operation throughout the warld to monitor the flight paths of aircraft, These systems propa-
gate ~1-5 me awatts prak ~ower at frequencies between 1-3 GHe with pulse repetition rates (PRR) of
200-400 ppe, and pulse widths (PW) of 2-10 microseconds, They rotate at 5-6 rpm and operate 24 hours
per day, 7 days pec week, Though they are usually located on 15-25 meter towers, they produce suffi-
ciently intenoe EMR signals at ground level to disrvpt some pacemakers at distances of 300 meters or
more from their antenna (2), Figure 4 is a typical plot of the real time EMR field intensity in volts per
meter at ground level ~650 meters from such emitters,
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Figure 4. Typical Plot of Real Time EMR Field Intensity
~‘50 Meters from Air Route Surveillance Radar,

e

Pacemakera may often misa single beats in the vicinity of such radar as the main beam passes over-
head resulting in the loas of 5-f beats per minute (bpm), Figure 5 is a typical recording of this effect,
At closer approaches to such emitters, the pacemaker EMI threshold may be exceeded by other peaks of
the lobe structure (shown in figure 4) resulting in a further reduction of pacemaker rate, Figure 6 is a
typical recording of this effect, Additionally, the lobe structure can appear as a 1-10 Hz EMR signal .
which the pacemaker can sense as heart activity and the pacemaker will inhibit (cut off) altogether. i

T R T I W T

Cod

In general, the EMR electric field (E-field) intensity at ground level does not exceed 100 volts per
meter for significant periods of time. Therefore, the pacemnakers having EMI thresholds greater than ;
- 100 V/m should not be seriously affected, i

s

% Electromagnetic Pulse

Electromagnetic pulse (EMP facilities are unique sourceas of EMR emission which produce intense
pulses (up to 100,000 volts per meten in ~0, 5 microsecond with ~90% of the frequency components be-
low 10 MHz, Tests conducted by USAFSAM included the exposure of eight dogs, implanted with different
types of pacemakers (14), to single pulses at 5, 25, and 50 kV/m, On the basia of electrocardiograph
recordings made before and after exposure, it was determined the pacemakers were not serioualy dis-
rapted.

E In studies usir,; EMP sources in a repetitively pulased mode, an EMI level of 500 V/rn was established .
as the threshold for serious effect, These tests were conducted under simulated implant conditions for !
peak E-field levels from 300 V/m to 6000 V/m with PRR values from 2 to 100 pps,

Laboratory Tests (450 and 3100 MHz)

Recent cardiac pacemaker EMI] tests were conducted under controlled laboratory conditions using
square wave modulated 450 and 3100 MHz EMR fields (4). The purpose of these tests was to evaluate
the overall improvement in EMI thresholds when compared with tests conducted 2-3 years earlier,
Seventy-two pacemakers representing ten manufacturers and twenty-three different designs were tested.
The 450 MHz fields were circularly polarized with E-field levels up to 292 V/m, The ranges of PW and
PHRR used were 1 microsecond (usec) to 1| msec and 2-50 pps, respectively, The 3100 MHz fields were
vertically polarized with levels up to 320 V/m. (rms) for a PW range of 10-120 usec at 7-400 pps. The
p? "emakers were positioned in the '"far-field" region of the anechoic chamher in the EMR beam centzr
and tested in a simulated implant configuration similar to that described above. The pacemaker response :
was recorded via a fiber optics telemetry system as described above and by Steiner in & recent School of
Aerospace Medicine Technical F eport (16), !
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Table | summarizes the EM! adverse effect threshold values for the 23 models (typcs) tested under
simulated implant conditions st 450 MHe, An adverse efiect is defined as a pacemaker rate which falls
below R0 beats per minute (bpm) or exceeds 125 bpym as a direct result of EMI, In most instances the
value at which the most sensitive of so-called identical pacemakers cut off completely was selected as
the adverse effect threshold, In cases where the threshold is based on an increased rate, it was generally
observed that the pacemaker rate continued to increase with increuasing FMR field level, Where no adverse
effect was observed at the maximum field level available, it ia noted by >300 V/m. Blank spaces indicate
the other data poiats are adequate to uescribe the effect,

T AR o Al AR sl et

tion and in essentially every case the newrr models show improvement ir thia respect,

The data in Table I also illustrate a relatively wide range of PRR values for reversion to fixed rate,
some pacemakers reverting upon sensing EMI at pulsed rates less than 10 pps while others have not re-

verted at 40 pps,

The newer pacemakers demonstratc good improvement in this area.

new Medtroniz pacemakers now revert to fixed rate at lower PRR values,

For example, the

The tests conducted at 3100 MHz using 120 microsecond pulses ond maximum EMR fields of 320 V/m
with the pacemakers exposed in a simulated-implant configuration caused very few adverae EM1 effects,

All adverse effect thresholds were greater than 200 V/m.,

3100 MHz EMI thresholda would be much lower if the PW were increased.

The PW studies described belov indicate the

TABLE
i SUMMARY OF ADVERSE EFFECT THRESHOLDS FOR :
CARDIAC PACEMAKER ELECTROMAGNETIC INTERFERENCE ’
l . (SIMULATED « IMPLANT CONDITIONS)
Frequency 450 MHa, Pulse Width 1 maec !
t Pulse Repetition Rate in pps X
Pacemaker Manufacturer '
and Model Number 2 10 20 40 :
‘ V/m(bpm) V/m(bpm)  V/m{bpm)  V/m(bpm) ‘ 1
f 1. American Optical 281003 13(0) 15(0) 243(0) }
1 2, American Optical 281013 26(0) 26(0)
: 3, American Optical 281143 >100 »300
4, Riotronik 1DP44 141(0) >300 >300 >300 {
1 5, Cordis Atricor 1337 >300 >300 141(172) o
-3 * t, Cordis Omni-Atricor 164A >100 >300 >300 ’ 3
Y 7. Cordis Stanicoxr 143E7 15(0) 15(0) 243(0) >300
8, Cordis Omni Stanicor 162C 8(0) 9(0) >100
3 9, General Electric A2072D 29(0) 207(125)
3 10, General Electric A2075A 23(0) 141(125) k
11, Medcor 3-T0A 29(0) 141(0) 141(0) 141(0) ‘ ;
12, Medtronic 5842 15(0) 15(0) 15(0)
13, Medtronic 5642 12(0) 12(0) 12(0)
14, Medtronic 5943 23(0) 19(0) >300 }
15, Medtronic 5344 26(0) 26(0) >300 >300 1
16, Medtronic 5950 >13100 >300 3
17. Medtronic 5951 >300 >300 3
18, Medtronic 9000 10(0) 10(0) 1C10) >300 ;
19. Pacesetter BD-101 >300 >300
20, Starr Edwards 8114 23(0 »3Q0 4
21, Starr Edwards 8116 >300 ~>300 >300 .
22, Stimtech 1821 107(0) 114(0) >300
23, \Vitatron MIP-40-RT 93(0) 107(0) 243(0) 243(0)
NOTE: The adverse effect threshold is assigned when the pacemaker rate falls below 50
beats per minute (bpm) or exceeds 125 hpm as a direct result of EMI,
The test data summarized in Table | serve to illustrate the wide range (8 V/m to >300 V/m) ¢f EM] ]
susceptibility thresholds among the 23 pacemaker riodels tested, Comparing the relatively new A, O, 3
pacemaker {item No, 3) with the older A, O. models (Nos., | and 2) _hows a dramatic improvement in EMI
characteristics, The same is true for the new Starr-Edwards model 8116 compared to their model 8114, :
It is also noteworthy that the relatively new Pacesetter pacemaker was not affected by the maximum EMR
levels available in these tests indic.ting that EMI characteristics were considered during the design stages, i
Again as in tests conducted two years ago, the Biotronik pacemakers (obtained just pricr to these tests) i
maintained good EMI characteristica, Although the improvemenrts in EM! characteristics were much
greater for some models, it appears that all of the manufacturers are including EMI as a deaign considera-




At 450 MHa, EMI thresholde were measured for PWs between 1 soec and | maec at 2 pps and 30 ppe
(Fig. 7). Each curve generally represents data from more than one pacemaker. There was no eignifi-
cant difference between the 2 pps and 50 pps data. The conetant pulee energy density curve shows the
relation between PW and the product of power density during the pulse and PW (snergy density). These
data demonsetrate that the EMI response threshold is inversely proportional to PW.

|
[

For 3100 MHa, a PW range of 10-120 seec for 7 pps and 400 pps was investigated (I*ig. 8). The data
were normalised to the 120 psec points. The G.E. model A2072D was the only pacemaker which demon-
strated a significant difference in relationship between threshold and PW for different PRRs. Thae 3100
MHz data also demonstrated that the E-field threshold is inversely pruportional to PW,
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Figure 7. Relative pacemnaker EMI thresholda vs. PW (450 MHs)
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r DISCUSSION
' 4
Electromagnetic radiation having a field intensity above a certain threshold value (dependent on the b
specific pacemaker) can disrupt the normal pacemaker functivn and create a potential hazard for the user, %
The extent and significance of such EM! ia dep2ndent on many factors including: : 3
(1) The frequency of the incident EMR signal, Available test data indicate maximum interference )
coupling at frequencins between 100 and 500 MHz. :
{2) The pulse width (PW) or energy density of the EMR signal. The interference threshold in volts/ ‘
meter is inversely proportional to PW,
(3) The pulse repetition rate (PRR). If the EMR field intensity ia changing in such a manner to mimic
a FRR of about ! to 10 pps with the neak of cach pulse above the pacermaker's interference threghold, the

pacemaker will inhibit (cut off). 1l the effective PRR is greater than some inherent value (specific to each i
device), the pacemaker may revert to its interference rejection mode (fixed rate). Reversion to fixed
rate is judged nonhazardous. Inhibition is judged hazardous,

(4) Proximity and orientation of the pacemaker patient with reapect to the incident EMR field, Body
snielding can significantly alter the EMIL, particularly at frequencies greater than 1 GHz. In many cases
of interference such ¢s thore associated with microwave ovens (2450 MHsz !, the user can completely
eliminate the EMI by simply rotating his or her body 90° - 180° to place more body shielding between the
pacemaker ard the EMR source. Also, pacemakers exhibit immediate recovery to normal function as soon
as the EMR signal is eliminated.

i
i
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(3) State-of-health and cardiac condition of the user. Some users are much more or less depeudent
on exact pacemaker function and may orf may not be able to tolerate the transient effects of EML,

3

i Currently marketed pacemakers exhibit a wide range of EMI susceptibilities, demonstrating the
; t technical ‘sasibility of manufacturing devices tc be compatible with most EMR enviroamaents. In general,
[ E the pacemakers being marketed today as compared to those of two years ago offer considerably more
resistance to electromay retic interference. Also, (t appears the tntal number of the more sensitive face-
¢ makers in oervice two years age has heen reduced about 82 4. Coatinuing effort by the manufacturers will
. i ultimar-ly resolve most of ths potential pacamaker EM!I problems, and it is hoped that the manufacturers
of other medical instrumentation and electronic prosthes2s will incorporate good EM! rejection techniques
¢ in all new devices.
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ON EMP SAFETY HARARDS

Arttme ¥, Guy
Bloslectromagnet ice Research Laboratory
Departuent of Rehabilitatton Nedizine RJ=30
University of Machington School of Medictne
Seattle, Washington 9813

sU \

The only two quantitative critcria presently avallable for settin® of electromagnetic pulse
{ENMP) safety standards are: (1) the ANS! C93.1 3afety Standard based on 1imiting thermsl insult
at microvave trequencies, and (2) the tiareshwlide for the stimulation of excitadle mesbranes by
electric current. The firet 1a not vrealistic for application to the NP aince the tnduced
currents and enetgy deposnition in Sxpused tissue ‘3 not based on an applied field amplitude and
duration relatfonahip, but ia relatud oriy to the rvise and fall time of the applied fleld pulne.
The induced currente in the issues of san axposed to impulsive electromagnetic (M) fields do
not appear to be sufficient for stimulating action potenzials.

A. INTRODUCTION

There has been recent concern over the heastrds of electromagnetic pulse (IXP) simulators
denigned to simulate the DNP smarating from a nuclear explosion. These sisulators are used for
testing electronic control and coemunication equipment for performance under the environment of
a nuclear attack. Generally, the simulatora are designed to genevste a transient high {ntensity
electromagnetic field (EM) with an electric field intenaity in excesa of 50 kM/m and a field
impedance of 120% ochms. The rise times and pulse widtha of such EM pulses are in the order of
nanoseconds. Fregquently, in otder to evaluate the posaible safaty hazards to operating personnel
and the general rnopulation {n the vicinity of such devices, the genezated fields have been
compated to fizlds emenating from lightning flashes, atatic discharges and power line ecorona '1].
The inciden average power flux dcnolt; of vecurring EMP fialds har alao been comparsd to the
microvave safety standards of 10 mW/ca? in order to show that the EXP power flux currently
generated by simulutors is ordera of magnitude delouw that which would be a thermal threat to
wan {2). Curreantly, the only guidelines available that are based on substantial scienmtific
justification pertaining to the cxposure of man to EM or currents are the ANSI C95.1 Standard (3],
and the guldelines pertaining to alectrical ghock [4), [5).

The ANS! Standard limits the incident power flux density to 10 aW/cn? a8 averaged over any
six minute pertfod and is based principally on the limitation of tissue heating to negligidle
values at microvave frequencies. The electrical shock criteria, on the other hand, limita the
current to levals that prevent variocus undesirable physiologica) effects relating to the
stimulation of excitable cells. For macroshock with a 1 second contact period with a 60 Wz source,
these levels are 1 ma for the threshold of perception, 3 ma for maximum harsless current intensity,
10-20 ma for “"let-go" current before sustained wuscular contraction, 350 ma for pain, possidle
fainting, and mechanical injury, 100-300 ma for ventricular fibrillation, and 6000 wa for sustained
myocardial contraction, followed by normal heart rhyttm, temporary respiratory paralysis, and hurns.

1f we limit the ENP exposure leval by the ANSI Standard, ve must satiafy the relation

| 4
120¢ 15 le(e)|2 de < 100 J/m? Q)

vhere r is the pulge rate with a value no less than 1 pulse/6 minute period, and a(t) is the
electric field strength of the EMP as axpressed in the time domrin.

The EMP exposure level may alszo be limited by the maximum aslloweble current induced in the
body. Since the induced curremt iu considerably different in charactsr to that due to 60 Hzx shock,
a ratisncle ia nesded to extropolate the known results for the latter to the case uvf the extramely
short pulse of curreant induced by au EMP source. It has beean shown that the ainimum fibrillating
currents frow a 60 Hz source may be expressed as I = k/t' ma vhers k is a constant and t is the
period of applied current [4]. This relation was tested for t as low as 0.0l seconds, or
approximately one-half cycle.

Past studies and experiments {ndicate ventricular fibrillation is unlikely if the shock
current ig less than

1= llG/tl' A (2)
This would aleo imply that

1o/t m )
would be safely below the threshold of the “let-go" current. According to Schwan (6], the 2

current density, J, in the tissues for producing veatricular fibrillation is approximstely 1 wa/cm®,

_and that for producing emcitatiss of emcitsble membrases is in the order of 0.1 - 1.0 wa/ca?, oo
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for the threshold of tissue interaction for 60 Na currecte.

Ffor extremely short divect curtent pulees, tihe stcength -duration reletion for the stimuletion
of excitable membranes wy de exprested oo

J. " J. '.It 1$))

wvhere Jg 1 the ainirm:™ encitation curvent deasity, to {8 the riae constant of the cell wembdrane,
and Jg L the pesk sti-.lattion current Jemsity (7). ‘f ve assule that the current deasity predicted
by Equati~n (3) for & “alf cvcle or 1{120 seconds 1o the ainimum excitetion current and consider a
tvplcal » -sbrane time constant of 1077 secondt we can combine Equattona (4) and (3) to give
Qo=Net < 3.« (10°)e~1 na/en? )

Equation (8) mey Ye enpresued in lerms of the total charge density transfer (n the tiae T an

(1073 1T 3(t) de < (1071) coulomba/u? m
where J(:) is the current density in the time domain,

8. FIELD COUPLING EQUATIONS

tn general, the (time domain) electric fleld, e(t), ond magretic field h(t), of the NP
consfuts of & natiow pulse with a very rapid rive tiwe, ty, iU tne order of 3 to 10 nanoseconda
and with a fleld {mpedance of 1207 ohms. The pulse width, t,, may ba defined in the stavndard
vay as

H -
L ;7?:3 lo e(t) dt. (8) 3
In order to develop {nsight on what the coupling of the EMP may be to biological tiasuuas in
the body of man or smalier animala, ve may first make a rough approximation by conaidering its
coupling to an equivalent spherical masa of muscle-type material pravioualy analyaed for exposure

to RF plane vavea by Lin, et al. (8), and then extrapolates the results to the figure of an actual
man based on absorbed power density patterns measured by thertography. The total electric fleld
induced in the sphere, E,, by an incident plane wave with an electric field strength Iy at an

angulsrr frequency of « ia 4

!‘ N ert l;% R - ’%? (cos ¢ & - con & sin ¢ ]
t

3

wvhere t: = t‘-jazs is the complex dielectric cnnastant of the tiasue, k is the propagation conatant
]

for free space, ¢, is the relative dielcctric constunt of the tissue, o  is tiie electrical

conductivity of the tissue, and ¢, i the permittivity of free apace. *hc origin of the (x,y.2)
and (R,0,9) coordinate aystems corresponds to the center of the aphere with the direction of plane {
wave prupagation coincident with the u axis, and the electric field coincident with the = axis.

The firet term (x component of the above equation) may be intarpreted to be the uniform tield in
the aphere induced by the incident electric field component and the remaining 6 and ¢ terwms cun

be interpreted to be that induced by the incident magnetic field component. The equation ia
accurate for a 70 kg, 25.6 cwm radius sphere of wmuscle timsue up to 20 MHz in frequency ard for
ssaller spheroids approximating the head of man or small animal bodies beyvond 100 MMz tn frequency.
In the KRF frequency range the value of dielectric conatant 3N is significantly smaller than the
loss factor, so wo may aake the approximation cff * j;%% vhere oy !, sesumed to ba conntamt over

the frequency range of interest.

It cthen follows that for incident EMP transient fields from lightning or other impulsive
sources with rise times sufficiently long or with a frequency spectrum limited to a range vhere
the equations are valid, the (frequency domein) electric field l. (w) induced in a spherical body

of tissue i»
Balw) = Jséfl w T(R,6,¢) oJut (10)

vhere E(u) is the magnitude of the incident field and

f(r,0,4) = [ 36%3: - R{cos ¢ & - cos & sin ¢ §)) (i1) ;
The induced fleld e (t) may bde expressed in time domain as \
NCRE-I LR (12)

Thus, under the stated frequency restrictions, tha field strength induced in the spherical ‘
tissues model is dirvectly proportionsl to the time vat: of change of inciden:t field. It fs also i
cloar that the major components of the induced field are the 8 and ¢ terms of T(R,0,4) corrasponding
to an induced circulating eddy currant. This can be seen by noting that the x component
35%3; « 2,65 x 10°° s an order of magnitude smaller than the maximum value (2.56 x 10-1) of the
induccion fleld component for a typical tissue conductivity of op = 0.6 mho/m and a vedius
Re= 25,6 cm for a 70 kg sphere of muscle-type tissue. According to this arproximate analysis. the
noraalizsed field distribution induced in the sphere along the three major rectangular axes is
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g v )

p
o 3 showm fo Fig. |, The electric fie'd distribution along the v ania in thet due to the electric
f 3 fleld 2oupling and the other distributions along the v and 2 anca ate influenced montly by the
: magnetically induced wddy current wvhich in proportional with distence trom the v arin,
]
' The lnstantanecus adeorbed pouwetr denafty {n the aspherical tianue muncle s
F]
LA aue.(t). (1)
the cvurrent denafty in
M) - ﬂ“e.(t). (14)
the absorbed energy density s
% Voo [T bdt, ()
f and the transferred charpe denaity in time in R
g o @ I 30 dt e lTe (Ldt ) {
: ]
E For comparison purposes, cinsider a tranaient M field given by I
e(t) = R e -0 an :
wvhich may be used to represent the NP or lightning by appropriate choice of values of a and R, *
E For this case the pulae rise time in o]
- lNSﬂ,&ll R
tn fea  * s 7
the induced electric field in o
s - R Eo - - :
1 \ 5,00 = = Ty0, 0 [se™ a0, as)
. H
? jg the pulse uidth ix
i = - -at L1 S
oS te e ™Y, (20) 3
the abaorbed energy density is ; v
o B Tro,0) )P (8-a)? ’
] ve —t_ul S, l_,t < (21)
BeS(R+)(c e ¢
and the tranaferred charge density in time T {a
o“t‘ " l.-nT-.-ﬂT]
o= T l (R.al‘)l ‘(\t. _et' (22) :
] - : 4
- vhore ; 3
-ut' -ﬁt- ) %
" Eyle -e ) t3)
fs the peak incident field strength.
The above equations ahould provide rough eatimates of the characteristi-za of fields ind .ed
in the equivalent muacle sphere if w=B or a is sufficiently small for Equation (4) to be valtid.
For the 25.6 cm sphere according to Lin, et al. [8], Equatirn (4) 1= valid only to 20 MHz. The
calculated value is about 60X roo high at 80 MHz and 80X too wigh at 100 MHz. For smaller diameter
spheres corresponding to smaller animals or portions of the human body such as the head, the
equation should be valid wel) adbove 100 MHz.
Fig. 1 {llustrates the induced electric field and energy density patterns in a sphere exposed <
to an impulsive EM field vhere the spectrum is within the above limitations. Typical ENP and i
1ightning field coupling can be determined from the abuove equations by an appropriasce choice of
a and 8. Table I {llustrates computed characteristics rearricted according to Bquation (1) for 1

r = 1, and values of a and B appropriatc for simulating the various fields.

It should be pointed out from our previous discussion that the oupled internal field for the
DM could be as high by as wuch as ¢ factor of 2 and the .bsurbed power and energy density could |
he as high by as much ar a factor of 4, as calculated by the above equations, since with
8 = 4.76 x 108, the upper end of the spectrum exceeds 8/2w : 80 MHz. The results will show,
however, that the srror it of no consequence for the "ball park" estimates desired in this analysis,
The time dependence of the maximum coupled fields (periphery of sphere) due to fzst rise and
slow rise tice lightning fields is shown in Fig, 2 and that due to the typical EMP {a shown in
. 3.
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The tesulta for a sphere say be extrapu:ated to the case of & man expoasd to the free [leld
of an EMP from the therwmographic measurements described in another seccion of thie Lecture
Series "Engineering Coneiderations and Measurements” Section D (4). The resuits show that saxisum
ebeorption of a sphere 1a 0,36 W/kg for a sagnetic field of | A/a ot 24.1 MNe, This would
corrospond to 1.0% uW/ky for a aphere axpused to a plane wvave with electric field streagth of
1 V/m at 3] M2, On the other hand, there would be a maxisum abeorbed pover density of 134 ul/«g
in & man exposed to the same fleld,

Thus the maximus absorbed power density is 128 times greater and the mazimum current density
1 11.) timen greater for the man fin the region of his lege., Thum wo can incresse the patameters
in Table 1 by these factore to estimate the EMP coupling to man. The same faclors would be as
high as 28 and 3.1, respectively, in other regions of the body auch as the neck and the rib cage.

C. DISCUSSION

;

By the restrictions of the ANSI safety guide ar given by Equation (1), tabulated in Table I
and 1llustrated in Figs. 1 and ). relatively slow rise time f{elds such as originating from lightning
would be 1imi* . -0 produce less than | ma/ce? peak currert densities in mpherical tissue structure
while & relazively fast risvng field such aw the EMP would produce nearly 7 amperes/cei? peak
; cutrent density in the tisaue., The pulse width has very little to do with the saximus induced
! current and the maximum abrorbed energy density. Figs. 2 and ) and Tadle 1 clearly peint out
that it iz the rise time, ty, of the field that i» mont {mportant in termw of the magnitude of
the induced current, peak absorbed power denaity, and the enerpy denaity deposition. There are
4 to 3 orders of magnitude greater {ield strength coupling, 8 to 10 orders of magnitude greater
>ak ubuncrbed power denaity, and & to 5 orders of magnitude greater peak absorbed energy density

; .o the ashere exposed to the EMP than for exposure to lightning fields. It (s clear that the
4 err " 1. the asproximate analysis {2 inconseq: nttal in terms of uainz the resuits to fllustrate
L . ¢ latge dif‘erence n coupling characteristics of the transfeat f.eld,

The firat Tow ~f date in Table ! ..riesponds to coupling due to a typical fast rise and fall
time ENP  The AN.l standard criteria would allow an incident field strength of 3)0 kV/m which
wuld induce a current of 7 amperes/cm? in a spherical structure or H0 asperes/ca? tn an exposed
man in free space. The peak abiorbed power would be ax high aa 7.8 segavatta/kg in the sphere
of Y7) megawattr/kg 1. man. Thougn thia seems unusually high, the brevity of the pulse restricts
the total deposited energy tn 8 mJ/xg for the exposed aphere, 1.03 J’kg for the legs, and 253 ml/kp
tor the neck of an exposed man. Note that the absorbed energy levels are above that roquired to
produce the microwave auditorv effect (16 mJ/kg) Jdiscussed in this Lecture Series "™icrowave
Induced Aconstic Effects {n Mammalian Auditory Systems." The total charge tranafer during the
petiod corresponding to a membrane time constant is nil due to the biphasic property of the
fnduced current. Thus we would not expect meabranes to be directly stimulated. However, if we
considor the FNP with a slow fall time, with propertivs as jliuvatrated in the second row of
Table 1, there would be a net change tranafer of 9.47 x 10° coulomba/m? fur the sphere and
1.0Y x 107 coulorbu/m? for man since during the period corresponding tu the membrane time consztant
the produced current is predoatnantly tho same polarity. Note, however, for thiz case the pulse
width safety criteria would limit the incident field to 5.5 kV/m. The total charge ransfer

™

et i

T TPTYRT I

would be insufficient to produce excitation of action potentiales, Fven {f the san wvaa exposed

to the maximum incident field atrength of 330 kV/m allowed by the ANSI safety standard for a
3 - pulre rate >f no grester than 1 per & minute period, it appeazs that the induc¢d charge transfer

would be orders of magnitude bolow that necesssry to stimulatc antion patentials based on the 1
3 simple model. ]
[ The third and fourth rows of Table 1 give the coupling characteristics of EM fialds !

sroduced by lightning. The induced currents and abanrbed power densities are considerably i
less than inducad by the EMP due to the substantially greater rise times i{n the former.

Table ! alco illustrates the tvpical coupling characteriatics for microwave pulses to the

tissue sphere based on ¢ single pulse per second reatricted by Equation (1). The coupling may be }
derived from an analyeis by Johnson and Guy [9]. Most of our experience with continuous husan :
exposure, however, has been limited to situations i{nvolving microwave pulses with recurrance rates
of many teng or hundreds of pulses per sacond with the average incident power density restricted
to 10 aW/cm‘, or lass. The coupling characteristics for this case are shown at the bottom of
Table 1. Note that the induced current, absorbed power and absorbed energy densities are
substantially higher than values produred by ths EMP,

L

The coupling equations and Fig. 1 i{llustrate that much less coupling would occur in smaller
diameter tissue structures exposed to transient fields. The distributions in Fig. 1 wmay be
truncated to the appropriate radius to determine the reductior in coupling. For example, the |
saiimun coupled field would be 0.26 times less and the maximum energy absorption density would be i
.07 times less for a 3 cn radius sphere representing a small animal. !

CONCLUSIONS

The above aaalysis chows thit without considerabla qualification, one should not depend
wholly on experienc’ gained from the exposure of man to lightning fields or from smsll animals
exposed to the EMP 1ields as a guide for establishing safety standards. Alsc. for iapulsive fields
such as the EMP, wmore attention should be given to the rate of chauge of field rather than the
width or peak amplitude of the field in establishing safety standards. It appeara unlikely thatr
action potentials can be excitad in man exposed to plane wave type EMP fieslds.
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Figure 3 EMP field coupling to sphere of exposed tissue with field limited by equation (1).
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Protection Guides and Standards for Microwave Expusure
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by
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: Department of Radiation Biulogy and Biophysics
' . Rochester, New York (4642 U.S.A.

INTRODUCTION

Many of the electromagnetic energies at certain frequencies, power levels and expusure durations can
produce biological effects or injury depending on multiple physical and biological variables. Although

H ¥ equipment which utilize or emit electromagnetic enerygy provide immeasurable benefits to mankind, they
5 may also constitute hazards to the individual through uncontrolled and excessive emissions. There is a
: need to set limits on the amount of exposure to radiant energies individuals can accept with safety.

Protection standards should be based on scientific evidence but quite often are the result of
empirical approaches to various problems reflecting current qualitative and quantitative knowledge. A
numerical value for a standard implies a knowledge of the effect produced at a given level of stress, and
that buth effect and stress are measu.able. One problem is the definition of what an “effect' is and
whether it can ultimately be shown t modify man's 'way of life'" or that of his offspring (1).

If there were a clear-cut relationship between expusure level and pathophysivlogic effect, the problem
of setting standards would be great.y simplified. Not unly are there numerous variables to be considered,
but it is often difficult or impossible to ubtain the necescary data to draw valid conclusions concerning
effects of exposure to noxious agents.

in must biological processes, there is a certain range between those levels that produce ro effects
ard those that produce detectable c«ffects. A detectable effect is not necessarily one that is irreparable
or even a sign that the threshold for damage has been reached. Ultimately, a clear differentiation has to
be made between biologic effects EEI.ES.“hiCh do not result in short term or latent functional impairment
against which the body cannot maintain homeostasis and effectiveness, and ‘njury which may impair normal
budy activity.

Irn considering stardards, it .s recessary to keep in mind the essential differences between a '‘personnel
i exposure'' standard and a “'performance'' standard for a piece of equipment., An exposure staiidard refers to
. the maximum safe (incorporating a safety factor) level of power density and exposure time for the whole
N body or any of its parts. This standard s a guide to people or how to limit exposure for safety., An :
emissior standard (or performance standard) refers not to people but to equipment and specifies the maximum 3
limit of emission close tu a device which ensures that likely human expisure will be at levels considerably .
below personnel exposure limits. :

To insure unifarm and effective control of putential health hazards from microwave exposure, it is
necessary to establish uniform effect or threshold values. I|deally, effect or threshold values should be
predicated on firm human data. |f such data are not available, however, extrapolation from welli-designed,
adequately-performed and properly analyzed animal investigations is required.

EPIDEMIOLOGIC STUDIES AND CASE REPORTS

A number of retruspective studies have been done on human populations exposed to microwave energy.
These have been, for the most part, either radar cperators and repairmen or personnel involved in production
and testing of microwave equipment, primarily radar. The studies may be divided into essentially two
categuries: thuse seeking general effects, and those specifically seeking changes in the lens of the eye.

K Daily (2) conductad the first studies on United States Navy personne! who wers exposed over a period

] - of time in the ovperation and testing «f relatively low power radar., No evidence of radar-induced pathology
1 was found. Lidman and Cohn (3) examined the blood of 124 men who had been exposed to microwaves for
periods from two to 36 months. They concluded there vas no evidernce of stimulation or depression of

3 erythropoiesis or leukocytupviesis, A decade later, Barron, Love and Baraff (4, 5) reported on a large

i group of radar workers who, along with a control group, were put under a four-year surveillance program.
During this period, they underwent repeated physical, laboratory, and eye examinations. The examinations
failei to detect any significant changes in the physical inventaries of the subjects.

A paper by La Roche et al {6) of a study by Zaret reports "ophthalmic microwave injury" in 33 -
employees in an Air Force hase., It is impurtant to note that the authors themselves state, ''...however, _—
since preemployment examinations do not normally include examination specifically for microwave injury, :
there is either limited or no infurmation available concerning the prior condition of the lens." Also, .
of these 33 individuals, only 4 were negative at the initial examination. One, therefore, has no means of '
relating the results of the examination to previous history. Most important, the authors state, '...it is
not certain if thuse persons showing evidence of microwave injury on first examination actually received :
the exposure while working on the Air Force' base. .

No cases of "microwave cataracts'' have been described in the Polish literature (7). A higher o
incidence of lenticular upacities was reported in groups with histories of uncontrolled exposure (8) and
may possibly be related to puorly cuntrolled exposure conditions. 1t should be noted that published case
reports of microwave cataract in man have ~ot been adequately subjected to editorial review and reported
in the open literature. Cven the must quoted case reports of Hirsch and Parker (9) and Shimkovi~h and
Shilyayev (10) have not established a cause and effect relationship. The validity of these claims has not
beer. accepted by most ophthalmologists and microwave biveffects experts.

Epidemiolugic studies were initiated in the USSR in 1957 to determine the extent of the health hazards
for workers with exposure to RF or microwaves (11). Workers were examined after separation into 3 groups,
according to exposure levels (12).

1. Periodic expusure to "high energy density' levels, i.e. 0.1-10 W/cm? and higher beginning in

1953 (13);

2. Periudir » ‘pusure tu "luw energy density' levels, i.e. 0.01-0.1 md/cm?; these individuals commenced

work a... 1960 when the Soviet standard was largely in force;

3. Systematic exposure tu low energy density levels.
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The first group consisted of production, technical! muintenance and microwave equipment repair
personne!. Many of these were periodically exposed to near-zone flelds. The second group consisted of
technical maintenance personne! as well as certain categories of personnel engaged in the use of microwave
apparatus, research workers and others. The third group coriisted of personne! engaged in the use of
various microwave sources, mainly radar.

The clinical plcture of the first two groups was characterized by the presance or absence of
restorative' processes (12), and functiona! changes in the narvous system and cardicvascular system.
individuals in the third group showed few changes which could be differentiated from those in the control
group and consequently could not be related to their microwave exposure (13).

In a study reported by Czerski and associates (7, 14) and Siekierzynski et al (15) an analysis of the
incidence of disorders considered as contraindications for occupational microwave exposure among S541 males
aged 20 to 45 years and exposed occupationally to microwaves for various periods was made. The analysed
popuiation was subdivided into two groups differing only in respect to microwave exposure - low, i.e. below
0.2 mW/cm? and high, |.e. between 0.2 mW/cm® and 6 mW/cm®. No dependence of the incidence of disorders to be
considered contraindications for occupational exposure could be demonstrated. The incidence of lenticular
opacities was compared between both these groups, a% well as analysed within each group, subdivided
according to age or duration of occupational exposure. No dependence of the incidence of lenticular
opacities on .re exposure level, nor on duration of occupational exposure was found. Significant correla-
tion with age was demonstrated. The incidence of functional disturbances (neurotic syndrome, gastro-
intestinal tract disturbances, cardiovascular disturbances with abnormal £CG) was also analysed and no
dependence on the exposure level or duration of occupational expisure (years) could be demonstrated (7).

A very cogent analysis of the problems in occupational surveys has been made by Czerski and Siekierzynski
(7) who noted that analysis of occupational exposure to microwave radiation is fraught with many difficulties,
the main being the assessment of the relatiunship between the microwave exposure levels and the health statvs
of the examined groups of workers. The possiblie role of other environmental factors and of socio-economi-
conditions must be taken into account. As often happens in clinical work, it is difficult to demonstrat:

a causal relationship between a disease and the influence of environmental factors, at least in individue:
cases. Large groups must be ohserved to ubtain statistically significant epidemiciogical data. The
problem of adequate contro! groups is controversial and hinges mostly on wha> one considers '‘adequate.”

In view of the lack of adequote instrumentation, especially of individual ''dosimeters,'” the quantitation
of occupational exposure is extremsly doubtful. This is particularly true where personnel move around in
the course of their duties and are exposed to nonstationary fields (i.e., moving beams or antenna), as
well as to near- and far-fields at random. It is impossible to quantitate the exposure over a period of
several years within reasonable limits. Attempts to present detailed data as to the source of microwave
radiation, effective area of irradiation, position of the body withrespect to the field, etc. for an
individual worker for a period of several years would be misleading to an extreme degree.

PERSONNEL EXPOSURE STANDARDS

Microwave exposure standards are generally based, with some variations, on those developed in the
U.S., USSR, Poland, and Czechoslovakia. The original U.S. standard was tentatively adopted about 20 years
ago on the basis of theoretical considerations by Schwan and his associates. This standard was based on
the '"thermal load' that a standard (healthy) adult man couid tolerate and dissipate under Standard environ-
mental conditions withoit any resuiting rise in body temperature. This tolerance level was calculated to
be 10 mW/cm’ for continuous exposure. Iatensive investigation was subsequently carried out py the U.S.
Department of Defense into the biological effects of microwave radiation (16). None of these investigations
groduced any evidence for a biolugical effect at levels even approaching the theoretical limit of 10 mW/em?,
and, indeed, no conclusive evidence was established for any effect below the level of 100 mW/em® that could
be considered hazardous for man (!6),

The United States standard (ANSI €95.1) of 16 mW/em® for radiofrequency exposure recommended in 1966
and reaffirmed in 1973 is at least a factor of ten below thresholds of damage by thermal effects, assuming
a long duration of exposure--i.e., one quarter hour or mure, The 10 mW/cm® level is based on therma!
equilibrium conditions for whole-body exposure. Foir normal environmental conditions and for incident
electromagnetic energy of frequencies from 10 MHz to 100 GHz, the radiatior protection guide is 10 mW/cm?,
and the equivalent free-space electric and magnetic field strengths are approximately 200 V/m RMS and
0.5 A/m RMS, respectively. For modulated fields, power density and the squares of the field strengths
are averaged over any 0.] hour period, i.e. none of the " 'lowing levels should be exceeded as averaged
over any 0.1 hour period: Electric Field Strength Squared - 40,000 V2/m?; 0.25 A*/m?; Power Density -

10 m¥/cm?; Energy Density ~ )| mWh/cm?; this guide applies whether the radiation is CW or intermittent and
applies to the gereral public as well a3 workers.

The value of 10 mW/cm? has been generally jccepted by industry and the armed services in the United
States and is considered to be the population standard. The British adopted the 10 mW/cm? level for the
general public as well as the military anc industry after careful consideration by many government and
independent organizations (17). Sweden, in 1961, after an extensive review of all the information available,
recommended ‘'the maximym permissible intensity (average irradiation) within areas where personnel are
occasionally to be found is 10 mW/em? for all occurring frequencies' (18). The Federal Republic of Germany,
France, and M.V, Phillips In the Netherlands have also establiched 10 mW/cm?as a maximum safe level (19, 20).
The standards recommended in various countries are shown in Table | and figure 1.

The ANSI C95.1 standard dces not spacify an upper limit of allowable short-time exposure. It specifies
a safe value based on average dose tor a period of 0.1 hour. According to this standard, no individual
should be exposed without good reason to a power density in excess of 10 mW/cm® for a tine period longer
than 6 minutes. On this basis, it permits cortinuous expcsure to a level averaging 10 mW/cm?; momentary
levels in excess of this are allowable if the energy density does not exceed | mwWh/cm?.

while the 1imit of 10 mW/cm? served as a praciical exposure level in the U.S. Department of Defense
for several years, it was felt that the duration of exposure was important and that higher levels could be
tolerated for shorter periods. A guide was developed, therefore, and published in 1965: Exposure of
personnel within a microwave field (300 to 300,000 MHz) is permitted only for a specified length of time
determined by the following equation:

Tp = 6000/x?

where T, = parmissible time of exposure in minutes during any l-hour period, and X = power density (mwW/cm?)
in the area to be occupied. Because exposures of less than 2 minutes are operationally impractical, the
use of this formula for power densities above 55 mw/cm? is contraindicated.




(AR}
TABLE |
Personnel Exposure Standards for Mizrowaves
Max i mun
Permissible
Power Density Frequency Country ur
(mw/ cm ) (Mn.-) _Agency Specifications
10 10-100,000 U.S-
ANSI | mWh/em*, 2bh
NIOSH 8 h workday
100-100,000 ACGIH 10 mW/cm”TLY - 8 h
10-25 mW/cm', 10 min/h {
25 mW/cm” - ceilirg value i
30¢- 300,000 Army/Air Force  10-55 mW/cn® o h
min = 6000/ (mW/cm*) < by
1 300-300, 000 Palard 0.2 mW/em==10 mW/em® {
(8 h = 11.55) (SF)=: $
1.0 mW/em?=10 mW/cm? N
(8 h -~ 4.8 min) (NSF) ;
USSR 15-20 min/day ;
0.1 Poland 0.2 mW/cm*, 8 h (SF) i
24 h (NSF) H
USSR 2-3 h/day
0.025 Czechoslovakia 8 h (CW)
0.0} : Potand 24 n (SF) ;
USSR 4 h ;
Czechuslovakia 8 h (pulsed) 4
tAlso with slight mo. ification - Canada, United Kingdom, German Federal!l Republic, 3
Netherlands, France, Swerden. -
x:§F = gtationary field {(hr = 32/W/m*);NSF = nonstationary field (hr = 800/W/m’).

*MPE x 10 for exposure tu movable bean ur

The American Cunference of Governmental Industrial Hygienists (ACGIH) has published threshold limit
values (TLV) for the frequercy range of 10(. MHz to 100 GHz.
exposure where power densities are known and exposure time is cortrolled is as follows:
power * .nsity, levels up tu but not exceeding 10 nM/cm:, tutal exposure time shall be limited to the
8-hour workday (continuous exposure); 2) For average power density levels from 10 mW/cm” up to but not
exceedirg 25 mW/em?, tutal exposure time shall he limited to no mure than 10 minutes for any 60-minute
e); 3) For average power density levels in excess

period during an 8-hour workday (intermittent exposur
of 25 mW/cm®, exposure is not permissible (ceiling va

In regard to performance standards, a product emission standard fur microwave ovens has been established 3
of | mW/em® at 5 em from the external surface of the
oven at manufacture and a maximum of § mW/cm® at 5 cm from the external surface of the Gven throughuut the 1

in the U,S. This standard specifies a maximum level

1ife of the product.

In respect t. the ANSI| C95.1 standard, results of more than two decades of labaratory and clinicul
investigations indicate no adverse changes ir the state of health of individuals, ever after many years
of exposure to microwaves within the snecified limits.
energy that can be absorbed by man without adverse effect, analysis of the state of health uf individuals
occupationally exposed for 15 to 20 years to microwave radiation levels ranging from several to more than 4
10 rM/em? indicates that additional precautions are unnecessary (16,

Until recently, microwave personnel exposure standards for most of the Eastern European countries have
been based, with minor variations, on limits estahlished by the USSR,
by the USS R Ministry of Health, spec|fy maximum safe exposure for an unlinited period of time at 0.0l mwl/ em?
(10 uW/cm?); 0.1 mW/em? (100 1W/cm?) exposure is permitted for a period of 2 hours in a 2b=hour period: {
Permissible exposure is ten times as great for radiation
In addition, levels of exposure differing by

up to !} m/em? for 20 minutes in a 24-hour period.

emarnating from equipmert with a movable beam or antenna (22).
an order of magnitude are permissible because uf possible field gradients and limits of accuracy of
The USSR has also adopted a maximum etectrical field intensity level for electro-

ineasuring instruments(12).

antenna.

lue).

magnetic radiation of frequencies below the microwave band,
It is of interest that the Soviets do not consider microwave cataractogenesis of any serious cunsequence

at low exposure levels.

The TLV for occupational microwave erergy

Although we need more data re.ative to the total

ey

1) For average

21).

These limits, promulgated in 1959 ;

The Soviet experience in the area of microwave bioeffects has been summarized in

a book from the Academy of Medical Sciences of the USSR edited by Petrov (22).
A search of the Soviet literature fails to reveal substantiation for limiting exposure time to 2 hours

or 20 minutes in a 2b-hour period to levels of 100 and 1000 uW/cm?, respectively

Petrov and Subbota (23)

suggest the basis for the Soviet standard is the reports noting that some disturbances occur in experimental

animals at exposure levels in the vicinity of | mW/cm?.

Taking this value as a limiting value and considering

a full workday as rounded off to 10 hours they arrived at a permissible exposure level of 0.1 mw/cm’.
Introducing an additional safety factor of 10, they come up with a level of 0.0) mW/cm?® (10 uW/en?). In
general it would appear that the values obtained in this manner from experimental studies indicate a large

4
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safety factor and cen be applied to the general population, but it segms that these values are too conser-
vetive for parsonne! subjectad to pariodic medical examination such as in the industrial setting (21).

in 1972, Poland departed from the Soviet sterdard on the basis of an extensivn study, ovar a 15-yesr
period, of & large number of civilian and militery personng) cccupationally enposed to various levels of
microwaves from | to more than 15 years. During this study no instances of irreveraible damage or dis-
turbances causad by expoture to microwave radietion were encourtered. Any disturbances and deviations
from normal were tho.e of & functional nature. Medical! eraminations conducted several months after removal
from occupational emposure to microwave radiation indicated a reverssl of disturbences. A group of
selected subjects, who were examined in Jetail during a S-year period of observation, were found to be
healchy sven in instances where permissible radiation levels were eaceeded (21).

Under the new Polish standard (figure 1) the Poles differsentiate between stationary fields, continuous
irradiation at a given point, such as & work station or personnel pusition, and interrupted irradiation at
such a point, designated as nonstationary fields. On the basis of these principles, they have differentiated
safe, intermediate, warning, and danger zones, where the boundaries of the individual zones are detarmined
by measuring average energy levels in the bands from 300 to 300,000 MHz in watts per square meter.

The following zone boundaries are proposed for stationary fields:

1. Safe zone - the highest leve! of erergy shall not exceed 0.7 W/in? (0.01 mW/em?).

2. Intermediate 2une - the boundary values of radiation leve! shall be 0.1 W/m?(0.01 m¥/cm?) at the
lower boundary and 2 W/m® (0.2 mW/cm?) &~ the upper boundary.

3. Warning zone - the lower and upuer boundary levels shall be 2 W/m?* (0.2 mW/cm?) and 100 W/m?

(10 mM/em?),

The following levels are propused for nonstationary fields:

1. Safe zone - the maximum permissible level shall not exceed | W/m? {0.1 md/em?).

2. Intermediute zone - between | W/m? and 10 W/m? (0.1 mW/em® tu 1 mW/cem?).

3. Warning zone - between 10 W/m? and 100 W/m? (1 mW/em? to 10 mW/em?),

4. Danger zone - energy levels greater than 100 W/m? (10 mwW/cm?).

Permissible time for a worker in a danger zone is determined by the formula:

Stationary field t = 32/p°

Nonstationary field t = B00/p?
where t = time in hours, and p = average radiation level in watts per square meter.

CONCLUSION

The development of adequate and operable standards requires comprehensive evaluation of information
obtained from animal experimants and surveys of 'ndividuals exposed occupationally. The criteria to be
used in evaluating experimental results of microwave exposure and the interacting variables in such assess-
ment requires the exercise of informed judgement. Since there are variations in the criteria used in many
countries, these have to be understood and evaluated.

Guides and exposure levels in force tuday appear to be entirely safe. So far, there is no documented
evidence of injury to military or industrial personnel or the general public from the cperation and
maintenarce of radars and other RF and microwave emitting sources within the 10 mW/cm® limit of exposure,

There is no evidence of hazard to man from RF and microwaves under normal conditions of operation and
exposure. Nevertheless, concern has been aroused about the safety of personnel in intense RF fields close
to transmitting antennas operating in the frequency bands beluw 30 MHz. Suzh environments are in general
of a near-field type which precludes the measurement of power flux. Since hazard evaluation in this
frequency range is a function of measurement i~ the near-field, attention should be paid to the problevs
inherent in such measurement.

The divergences between US and East European standards are, to a great degree, due to differences in
basic philosophy =~ differencas which appear in industria)l hygiene and basic scientific research. The
standard used in the US and most other cuuntrtes is, as already noted, based on the amount of exogenous
heat which the body could tolerate and dissipat:- without any resulting rise in body temperature. This
tolerance level was calculated to be 10 mi/cm? for continuous exposure. In contrast with US standards,
the USSR maximum permissible exposures are based on "asthenia' syndromes reported by workers in the micro-
wave field.

There is no evidence in western world scientific literature that the present US standard of 10 m/cm?
represents a hazardous exposure level. If the neneral philosophy of industrial hygiene in the United
States is considered, that for every ''toxic substance'' there exists a concentration or level below which
no injurious effects will result and that not ali "effects' represent '‘hazards,' this position becomes even
more sound.

According to Magnuson et al (24), the industrial hygiene philoscphy of the USSR basically consists
of: 1) The maximum exposure i3 defined as that level at which daily work in that environment will not
result in any deviation in the normal state as well as not result in disease. 2) Standards are based
entirely on presence or absence of biological effects without regard to the feasibility of reaching such
levels in p.actice. 3) The values are maximum exposures rather than time-weighted averages. &) Regard-
lass of the value set, thes optimum value and goal is zero. Maximum permissihle exposure (MPE) valuas are
not rigid ceilings but, in fact, excursions above these values ''within reasonable )imits'" are permitted
and the maximum pearmissibles represent desirable values for which to strive rather than absolute values to
be used in practice. In view of the basic differences in industrial hygiene philosophy, it does not
appear that the standards used in the US and USSR are as irreconcilable as would appear.

Well designed and appropriately controlled epidemiologic and clinical investigations of groups of
warkers and others exposed to microwaves shou!d be fostered. Studies of worksrs and individuals exposed
to microwaves or RF along witk appropriate control groups, should include a thorough analysis of the
exposure environment, incliuding average power density, peak power density, frequency, and pulse repetition
rate. It should be noted that epidemiological studies have in the past attempted to show effects but
without clesr indication of actua! power levels and duration of microwave exposure. This has resulted in
widespread uncertainty and confusion concerning the safe RF and microwave exposure lavels for humans.

Epidemiologic surveys based on prospective study and snalysis of exposed human populations balanced
by appropristely matched controls should use a well designed comprehansive standardized proiocol using the
most modern analytical tools and computer-based statistical techniquas. Data on groups of axposed persons,
for whom sufficient physical information on the exposure leval is available, such as in therapeutic use of
microwave diathermy, should be collected to provide a basis for future epidemiological and other studias,

il




100 -

S

\
EF

g AT ————m T R
——
L

=

POVER DENSITY (mW/em?)

P T NGy M P D

. 001 -

o 286 20 2 8 24
i | SEC. MIN.  MIN. HRS. HRS. HRS.
- EXPOSURE TIME o
§ 1 ;

FIGURE ). Microwave Personnel Exposure Standards.

o atres a ki Aol

i ke RS S e Tatart e Bniias ¥



e

Srrrp T T ST
- AR A

3
|

126

ALFEAENGES
1. Teylor, L.§. Radiation protection trends in the United States. Mealth Physica 20 (1971) A99-50M,

2. Dally, L. A clinical study of the results of exposure of laboratory parsonne! to radar and high
frequency radio. U.S. Nav. Mad. Aull. &) (i943) 1052-1086.

3. Lidman, 8.1, and C. Cohn. Effect of radar emanations on the hematopoietic systex. Alr Surg. Bul).
2 {19A5) AAQ- &MY,

A, Barron, C.1., A.A, Love, and A.A. Baraff. Physical evaluation of parsonrel exposed to mic’oweve
emanations. J. Avie. Med. 26 (1958) Mh2-aSh,

5. Barron, C.1. and A,A, Bareff. Medical! considerations of enposurs 20 microwaves (radar). J.A.M.A.
168 (1958) 11941199,

6. Lahoche, L.P., N.N. 2aret and A.F, Braun. An operational safety program for ophthalmic hazacds of
microwaves. Arch. Environ. Nealth 20 (1970) 350-35S.

7. Caerski, P, and N, Siekierzynski. Analysis of occupational exposurs to microwave radiation. In:
Fundamental and Applied Aspects of Nonlonizing Radietions. Proceedings of the Vilith Rochester

: International Conference on Environmental Toxicity = June 5-7, 1974, Rochester, New York. New York,
: Plenum (1975).

8. 2ydecki, S. Assessment of lens translucency in juveniles, microwave workers and aga=matched groups.
In: @iologic Effects and Nealth Hazards of Microwave Radiation. Proceedings of an Internations!
Symposium. Warsaw, 15-18 October, 1973. Warsaw, Polish Medical Publishers (1974) 308-3C9.

9. Hirsch, F.G. and J.T. Parker. Bilateral lenticular opacities occurring in a technician operating
a microwave generator. Arch. Indust. Myg. 6 (1952) 512-517.

10. Shimkovich, 1.5. and V.G, Shilyayav. Cataract of both eyes which developed as a result of repested

E short)oxmsurll to an electromagnetic field of high density. Vestnik Oftalmologii (Noscow) 72 |
(1959) 12-16, ;
3

1 N, Gordon, 2.V., A.V. Roscin and M.§, Byckov. Main directions and results of research conducted in the 3
X USSR on the biologic effects of microwaves. In: Biolagic Effects and Mealth Hazards of Microwave ]

Radiation. Proceedings of an international Symposium. Warsaw, 15-18 October, 1973. Mursaw, Polish
Medical Publishers (1974) 22-35.

L e T T
oy ATLT

w o g

.

3 12, Gordon, Z.V. Biological Effects of Micruwaves in Occupational Hygiene. Leningrad, lzd. Med.
E: (1966) (TT70-50087, NASA TT F-633,1970).

13, Gordur, 2.V. New results of investigations on the problems of work hygiene and the biolcgical effects
of radiofrequency electromagnetic waves. (n: Gordon, 2.V. (ed.). Biclogical Effects of Radiofrequency
Electromagnetic Fields. No. &. Moscow (1973) 7-1A.

IR

1
2 th. Czerski, P., M. Siekierzynski and A. Gidynski. Health surveillance of personne! occupationally exposed 3
F to microwaves. |. Theaoretical considerations and practical aspects. Aerospace Med. 45 (1974) '13)- %
’ 1142,
3

4 15, Siekierzynski, M., P, Czerski, A. Gidynski, $. 2ydecki, C. Czarnecki, E. Dziuk and W. Jedrzejczak. j
Health surveillance of personnel occupationally exposed to microwaves. Ill. Lens translucency. E

Aerospace Med. &5 (197h) 1146-11A8,
16. Michaelson, $.M, The tri-service program - a tribute to George M. Knauf, USAF (MC). 1EEE Trans, i

Microwave Theory and Techniques. MTT-19 (1971) 131-146.

17. B-itish Post Office, Safety Precautions Relating to Intense Radio-Frequency Radiaticn. London, Her 1
Majesty's Stationery Office (1960), {

1 18. Clemedson, C.J. Binlogical effects of microwave radiation and possible risks from radar. T. Nilt
1 Halsov (Sweden) No. 86 (1961) 69.

E
] 19. Xérner, H.J. Potential radiation hazard in radar installations. Zent. Arbeitsmed. Arbeitsuchutz
17 (1967) 1-5.
20. Swanson, J.R,, V E. Rose and C.H. Powel). A review of international microwava exposure guides. 1

Amar. indust. Hyg. Ass. J. 31 {1970) 623-629.

21, Czerski, P. and M. Piotrowski. Proposals for specification of allowable levels of microwave radiation.
Medycyna Lotnicza (Polish) No. 39 (1972) 122-139.

*2. Petrov, I.R. (ed.). Influence of Micromave Radiation on the Organism of Man and Animais. Lleningrad, E
Meditsina Press (1970) (NASA TT F-708).

23. Petrov, I.R. rnd A, G, Subbota. Conclusion. In: Patrov, t.R. (ed.). Influence of Nicrowave Radiation
] on the Organism of Man and Animals. Leningrad, Meditsina Prass (1970) (NASA TT F-708).

24. Magnuson, H.J., D.W. Fassett, H.¥. Gararde, V.K. Rows, H.F. Smyth, and H.E. Siokinger. Industrial
toxicology in the Soviet Union - theorstica! and applied. Amar. Indust. Hyg. Ass. J. 25 (1964) 185-197.

This material is based on work parformed under contract No, FDA J&=111 (PHS, FDA, DHEW) sponsored by the
EMF Project Office, BUMED & SURG, Dept. of the Navy. and under contract with the U.S. Energy Research and

Development Administration at the University of Rochester Biomedical and Environmenta) Research Project
and has been as’ igned Report No. UR-3490-738.




e

AGARD Lecture Series No. 78

Biologic Effects of Microwaves, Rudiofrequency und Ultrasound

BIBLIOGRAPHY

Section 1. MICROWAVES: Documents of Major Importance
Scction 2. MICROWAVLES: General References
Section . ULTRASOUND: Documents of Major Importance

Section 4. ULTRASOUND: General References

Scientific and Technal Information Office 1978
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Washingten. D. C.

e e e e i e e - . S

Page B- |

Page B- &

PugeB- 14

Page B- 20

A ol

el

i At et Rt G ala i



e

Lol

Rl o o

oy

NS

Section 1.
MICROWAVES: Documents of Major Importance

7% 0000

SIOLOGIC GPPECTE AND NEALTH HAZARDS OF MICRO
WAVE RADIATION

Pubiah Med Pudl Warsew 1828 L p Poc ol a0 Inten
Sympr Warsaw 15 '8 Oct 1973

78 00002 Unded States of Amernca Standards inst  Hew
Yura

SARETY LEVEL OF ELECTROMAGNETIC RADIATION WITH
RESPECY TO PERBONNEL

9 Nov 1966 '

USAS C9%

Recommendations for protection of workers against the
hatmital elects of sxposute to elmctiomagnetic tadiabions i the
Hagquency tange 10 MMz to 100 GHe ate made  Peomauhie
1AM Hevel UNAE! NOIMEN BNVIONIMENLEE CONIINNS 15 itdi atwd
a tollows  power dennty 10 Milliatta pet squate cenlimete:
for penods of 01 bow » Mmore  eoergy density 1 maliwatt
hout per wquare centimetet dunng any 0 1 hour penod Attention
o rawn 1o the islabions g between hudy 1 Imost alute ciroulaton
divonters and snyuonmental hegt stiess  armd radhabion damage

7800003  Bureau of Rahologn al Health Rockwille AR
REGULATIONS POR THE ADMINISTRATION AND
CNEORCEMENT OF THE RADIATION CONTROL FOR
HEALTH AND SAFETY ACY OF 1308
Jul 1974 Y p
1DHEW FDA 75 8003

The Radation Cantrol for Health and Satety Act was signed
hy the Presctent on Qctober 18 1968 The purpose of the Act
Wwas ta protert the publie fram uhnelessaty erposute to
rethation hom slecthonic prodhicts  Rathation covered i the Act
was called stectinne product radhation and was definml 10 mean
ANy 10110 O ROHIONIZING Blectromaghetic of Battwulate tadation
ur any soiue  inhasome  ur uitrgsunn waeve wiuch o enutted
ham an aectronn product as the result of the uperation ol an
slectionc crcuwt v such prtuct The provisins of the Act qive
the Secratary  Dupertment ot Meglth  Edus ation  and Waitare
authanty to estabic b and carty out an slectrons praktuct tadiation
control program which shall wbade pertormance statdards tae
slsctronig products The reguiations contained heten have twen
promuigated under that authonty The Bureau of Radiologn al
Healith 15 responyitie fo! the day 10 tay OPealon in «attying
out the Acts mandate for an slectrone produet  radaton
control program A phincipal ohiective of the program s to protect
the pubhc heaith thiough seting and entarcing slectronie radation
emission petormanee stanaards Thiy compiation s revised
penodically and eftoris ate made 1o provide an acculate
raproduction of the regulaions up 1o the data of Hus  bhcabion
hs publication contains those regulatitans pubhished i the
FEDERAL REGISTER through Aprt 20 1974 To mamtam cutrent
wtermaton on ¢mendments ot deletwrs to 21 CER Subchapter
3 and for the ofhuel requiations  the reader should Lonsult the
latest ssusnces of the FEDERAL REGISTER and the Coe o!
fedmtal Requiations Titie 21

7500004
MEOICAL CONSIDERATIONS OF EXPOSURE TO M1
CROWAVES (RADAR)
C | Barron and A A Barait ' Nov 1958 1 p  Repuntad
tom J of Am Med Assoc 1968 p 1194 1199

in 1954 a medical survmllance program was instituted
covening 33% empioyess working with or sapased 10 mu.row aves
m an evtrame manutacturing campany Eramumation: were
parformed at intarvaly, of 6 12 and 24 maonths v an eHon o
datest acute or cumulative hiologu:al etfects of exposure at vanous
intervals 1o energued radar beams in the 400 ta9 000 mc range

g with poek puwe: cutpul Rtcemhng ont megewstt Wheneve!
pusibin ekl LEATVNALONE Wate B0 stcomplaned oh @
noneapused control group  The snammethons faved to detect any
wgmbcemt changes wm ‘he physcal inventones of the subyecte
he nuxience o desth and chrone thaaane sk ledve and
sutyective complants was compateble w both yroups A twgh
percentage of eye pathology waes wientitved but none with causel
telahon 1o the hypeithernue produced by hactbwave sbsOIRton
Fartitly stuchies raveaied sssehtisly the seme fuwhngs for both
woups Lebovettry stubes 10t totel g ad wiite DloDY cedt
counts e dhfferentel counts revesiert no wgmbcent chenges
above thuse noted wn the control group Unnalyses amd chest
X rays wete WA ontnbutory with respact to rader eapotures
Elect photetw: Metum proten lnvel detet irenghons were periorved
on 28 subyects with iaginhcant of accountable davietons in
10 Matalet counts and cuntiohed capsiarty trageity studhes for
Pumpel Leede phenumenun 1evealed the lallecy af usny sither
to wientty radar enposute in gdkhthon. orly & small pRicentage
ol the sapused subjechy were awate of hagt or other subyective
wattinyg phenomana Neither these teals nor Tuective CoOmpian
were consnieted reheble e of enp « Absolute ot sale
Manmum sapasure stetviatth were impostble to dehne wasmuch
as ho vatdar induced pathology could be denhbed The need for
mute precise and rehnedd eaposute data 3 indhcated On the
has 0! these sMtudws thare sppean to be no justihcction for
publit concen sbout the effects of greatly sttenusted miowave
eneigy 0 the envronment

78-00008
THE ACTION OF MICROWAVE RADIATION ON THE EVE
R L Capentet and C A VanUmmarsen 1989 1 p weh
Repr Hom J Microwave Power (Canada) v 3 1969 p 319
Microwave pows! can cause fTormation of opacities n the
s of the tabbil eye enposed 10 cONUOUs Weve O pulsed
wave tathation at frequuncies rom 2 48 GHs to 10 GHe When
the ey ® s (rradhatedd in @ free haid. L' ODACGIlY LCOTEIACT) develops
n the postenor pan of the lens In jocaton, form and growth
Wt resembies cataracts caused by oneing rediation  When the
eye s aradiated at the same hrequencds as part of a closed

wiaveguitie system the catatsct develops i the & pant of
the ety hke those caused by inhared radhatons Although for
evety power level thee s a at . d which walt

cauUS® anh apacity tepeated shortet swposures <an have &
cumulative eftect the mawn determiung factor being the time
nterval betweet. successive eaposutes  Expenmental evidence
suggest that miciowave catatacts are "ot simply a resuit of
microwgve heating but ate cpused Yy suma othat propaity of
the rathation

78 00008 Buisau of Radwloygcal Health. Rockville. Md
BIOLOGICAL EFFECTS AND NEALTN IMPLICATIONS OF
MICROWAVE RADIATION. SYMPOSIUM PROCEEDINGS
Stephen f Claary. @d Jun 1970 2 p Symp held at Richmond.
1969 sponsoed by Medwcat Cott of Va Va Commonwesith
Univ  and Bureau of Radiolog: el Health

‘DBE 20 2»

The pumary gost of the Symposium on the Bwlogcal Eftects
and Heatth Imphcatons of Mcrowave Radation was to provide
o uhication of tie present state of the art i this area The
proceadings are & complation of the 31 technical papers
presented the dehherations that foliowed sach one. and the
two panal discussions that concluded (he meetng Since thete
S & great deal of uncettainty cencerning the ettects ol low wntensity
micrtowive and tadio frequency 'adhaton on the nammahan
central narvous system a concerted etinit was made to include
¢ comprehensive presentabion of vatious aspects of thus problem
The mapunty of the CNS eltects on humens wuic teported tw
scientings fom the USSR and Eastern European natons The

L s 1 ol

G e

[P

L

¢ e




.
L
E
3

TR T

uhabe Mt i e R i e G

Ty

| J
2
[

100 of grogreet ¢ W unigveling of the unbrewn lecters m
Mtowive Sipotute sftects will uadoubiodly depend te o
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N-00007

SIGLOBICAL SFPECTS OF INCROWAVE RADIATION AND
POSSLE NSRS FROM RADAR

CJ Qomateon 1981 ' p Mepr om T Mt Hatwuw (Sweden!
n 88 198 p @Y

0O G Cugan 8 F Ficher and M Lubn 1988 ) p  Rept
from Arch Ingust Meshth, v 18 1988 p 299302

Uttrat gh hrequency redpton (ot 468 MH:) was tepeatedty
pphed 10 tabints v dOES NERt the lethal level Rabbis were
p0esd n thise groups Group A recewed 80 mW /ay cm dunng
20 0 30 min once weekly for § o 7 weeks Group B wae
rathated dady (eRcept i the weskenda) for & total of 10 enposures
o 80 mW /g cm dunng 20 min Group C reconved 10 eaposures
the rate of 2 eaposures 3 weeh. the POwe! dantity was
:'OW/N cm for 1§ mwn o 8 arumals. and 30 MW aq cm

782

mn w4 srumats The rpdanon wes dutnbuted over the
body No cater~>ts developed following the eaposures

{

THRESNOLD FOR MICROWAVE AND 1NPRA.
-]

M F Cook 1982 V1 p wh fAepr hrom Bm 4 Phwuol
tnglond). v Y18, 1982 p Y 1

A mothod of evoling thermal paw by 8 MiIcrowave stimulus
110 cm, JOOO MMz n descnbed and the reauits obtaned on
normals reported Thest ahow that the skn temperature at
winch phin i it w wwdapendent of all verable lactors On the
other hond. the 'adhaton Vtenidy (or 30 caded pan thvashoid)
depends ON apOST reS. SAPORUIE LWNG, WWhial AR teMperat e,

E
i

ol the thaory 10 eaplawn the retults ol workers using wnhered
#30 successhil Conudetathion of the tolersted

that the
mouss & the samwe for all 1edutwona, of other lactors are
comatamt 1t i further sugyested that 3 wisl factor on which
tharmal pan » dependent i the temperature of end-orgens located
wthun tiwe dapth of tsave Cntwcam of the Hardy Wollt- Goodel

of thermal pan study '3 made It w suggested thet,
bemdes *he messurement of wutil and end-powt sRkin tempera-
he obaarvation of the rate of ncresse of siun eMpetature
be of value W prowdhng WwWormahon regiiding thermal
conductwty The queshon of Wpatwl summaton o pan and
wormth 50nees 13 acussed very brefly

75-80010
PROPOSALS FOR SPECIFICATION OF ALLOWABLE LLVELS
VE RADIATION

P Cronsis ot M Patrowslu 1872 1 p Repr from Medycyns
Letrvces (Polend). no 39. 1872 p 127139

i
f;
i
f
i

-0t
SOVAT RESLANCH ON THE NEURAL EFFECYS OF
wmecROwAVES

c ovd § Rameel Nov 1908 1V p
AD-§48879. ATD-98.13))

78-00002

CLINICAL AND HYUIRING ASPECTS OF EXPOSUME TO

SURCTROMAGMETIC MELDS: A MAVIEW OF SOVHIT AND

GASTERN TUROPEAN LITERATURNE

C W Oodge 970 32p wh Repr hom ol Ehects ond

Health imphcatons of Mcrowave Radutwn, 1970 p 140 149
1 suggested that & wade vansty o nevroiogwtal and

physiolugicel 190CHONS 8t 10 he eapacted dunng Snposwie to

nonthermal e, s theon 10 mW/ag cml id wienhits

wthen an eatremaly wide tange of hequencwes lapprronwnately

striung contrast o theee of the Weat winch have, w the mamn,
decumented nen-CNS reeponses 10 thermal {(1e. grester than
10 mW /3q cm) naensitien Only m the reaim of human endocnne,
wiual. 814 Sk 1CEPIO rEAPONEAS 10 thetmpl TCrowave burdens
s any repi substantive ag [ S ondt Westemn
hndings 10 be found The substentially lower Sovet and Tast
European davy maxwmum permussbie dose (MPD) value for humar:
QEPOSUIE 10 MuCIOwaAve tichation JppeaTs 10 be based upon
oxtensive hndngs of hunan subective end othet CNS-releted
TARONSLE 10 SIteMty oW s e v upon
connderable CNS-ononted research on srvmals ronducted i these

]
T S Ey.O € Goldman. ond J 2 Hearon Oct 1984 1V p
e Fupnnted tom IEEE (st Elec. Electron Engr). Trems.
o-Med Eng. v 1), Oct 1984 p 123137
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W J Geetsrls (XY 1970 V p  Repinted hom i) Med
Swrg v 39 O 1970 p 440 4RO

The eftents of tve types of taiatun namely minving
witravvet newr mharmd tr el el mwiever wh the
eve ' thusstd  (he  tehation v these  1egons  PONES
potentil tangity 0 the humen wye st whah protetton
ol rontrol a0 of twgh nywitewe Dengenn ol overeaposute
e Fmunsst with suggested pertvandile ewpinure eyels

76.00018  Naval Medcat Research inst  Bethende Md
SIOUIOARAPNY OF AL POATID BICLOGICAL PHENOMENA
eegcTy) AND CUMCAL MANIESTATIONS
ATIRMOUTEC TO MCAOWAVR AND RADIO FREQUENCY
RADIATION SUPPLEMENT NO & MEDICAL REMRARCH
o Rapen
2 R Glawt Jun Y923 1V p
‘AD 1082V

More then 328 addnwngl teietemnces on the twlugeet
reaponses  to  'mho hegquency v tucrowave  tadhatwon
published up tv May 1873 ere wciuded o tha teblogrephy of
the wold imeture Portwulst atte von hay been ped to the
eMocts of non wmping 1athahon O men st theve hequencrer
The oitatrons are aranged siphatimtically By authinr  and conten
o much wnlormahon g pusuble su as to essure effective
rethgval ol the ongnat documents  Sovet ardt East Europesn
Iteratute » nclvded

730008 Israet Program tor Scentbe Tiansiatons Lt
Jo usetem
BIOLDAICAL terecYy Ot MICROWAVES N
OCCUPATIONAL NYQIENE
2 vV Gorden Y870 t p Niansl mto ENGLISH of the ook
Voprosy Gupeny Trnwte +  Bwioghesdogo Deistviye
Elmkiromagminykh  Pulgs Sverkhvysohddh  Chastot Lenngrad
d Vo Mad Prass 1988 Sponsorsd by NASA el NSF
(NASA TT F 833 1T 20 S008T

Results of years ol mvestgatains i colanorabwin with
labotatuly petsonnet v the heldy of necupatonal hygene and
hologael etfects of radhe heguency sloctromaeagietic trathaton
are genergived for the range ol superhvgh frequencies 'SHF)
Emphass has been placed on the ociupstionst hygene of
penonnel working with SHE sources and on protechon aganat
detumental effects satabhished by chncel and sapernimental
v hgatons

78.000%?

SIO\LOGICAL ¢PPICTE OF RADIO FREQUENCY
ELECTROMAGNETIC FISLOS. NO &

2 v Gordon 1973 1 p Regr tom a Russian J no 4
Moscow p 7 14

JPRS 83321

78-00018
ANALVESES OF ELECTAOMAGNETNIC FIZLDS INDUCED IN
BIOLOGICAL NISBUES BY THERMOGRAPNIC STUDIES ON
SQUIVALENT PHANTOM MODELS
A W Guy Feb 1921 1 p retn Rept tom 1EEE (Inst Elec
clactron  Eng:  Tiany ¥V MITIS no 2 Ffeb I
P 208 V4

One of tha moat vering problems 1n studhes NvDiving the
intecacton of slectiomagnate helds and hving iolopycal systems
ond hssues 1% the quanthcanon of the heids wtuced i the
uIsues by neathy sources Thi papst descrnbes @ method tor
roped eveluahon of these helds in tesues o artetary shape and
charactenstics when they ste eaposed 10 vanaus sources ncluding
plane wave aperture. siot and dchpole sources The mathod
vohd for hoth far and nedt rone helds wnwolves the use of a
tharmogiaph camera for recordng temperature distributions
produced by enaigy abanipton v phantom motels of the tasue
structures The magritude of 1 .& slectne hatd may than be obtanad
sywhaie on the model as 3 tunchion of the sgudie oot of the
magnitude of the calculated heating pattern The phantoms are
composad ol maternals with delectne and g te propentes
wWentedl 10 the tisue stiuciures whveh they represent The vakdey

LR

of the tethivgue & venhed by compenng the tewuits of the
srpenmentel epproach with the theoretcsl resvits obitevwed ot
the case ol plane lavers of thsue eagueed 10 § reclengular spettute
wouice antl cybtinc el lsyens of Ingue eaposed to & plane weve
soutce  Thia techmgue hey been uied suctesshully by the Jathot
o inproving Icioweve anphcaton

7900019 Medcal Bulogksl Léb RVO TNO Apseh
tNettvatiends)

SUNMMAARIE .. BIOLOGICAL ErPECYS OF MICROWAVE
RADIATION. PARY §: ASOTRACTSE ON MICROWAVE
RADIATION SPPECTE ON NUMAN AND AMMAL
PHYRIOLOGICAL PUNCTIONE AND LIRS EXPECTANCY
H Heerng and P M W Venosch May 1972 t p

IMBL 972 8 TOCK SU0%4 M 6)

Absitacts on the inologwcat eifects of mucrowave tadration
on humans  sntt atwmals e presanted Data  cover
hemodynetivg  tespronses  brologreal  rhythm  changes. musculast
refleres Sy® wght decrement. el wahous othe: phnocol Jamages
and eflecty un ke sapeciancy of v

e /4

78.00020
CUTANENUS RECEPTOR REGPONSE TO MICROWAVE
IARADIATION
E Merntter 1988 ' p Repr from Thatmal Problems it Asospace
Med . 1988 p 149 18Y

Driterences n conduciive and volumetic tasue heating were
nvestigated v an atteript to stucddate tw mechanam of
cLlaneous watmth wensahwon {0 mictOwave tiradwton The
forehead was selected ez the aea for stutly. ubyects were
university students and laborstory personnel of both seres (It
wai found that both inhated and miciowave stimuh that wete
cepable ot wwolung threshold sensatons produced & tempeidiure
nwereass ol between 0Ot and D02 C of the layer lying
<00 mcrons deap uver that oceted Y000 microns betow the
surface Aralysn of the nhared dats wwhcated that the threshold
of warmith sensaton coult be cotrelated with a tempatature
nse of about 002 C occurting sbout 200 mucrons below the
surface of the s

7S-00920  Washwgton Uriv . Seattie
NOMIONIZING ZLECTROMAGNETIC WAVE REBECTS IV
NOLOBICAL MATERIALS AND SYSTEMS
C C Johnson and A W Guy Jun 1872 1 p fRepr hom
1IEEE iinst Elec Elaciron Engl v 80 Jun 1972 p 692 718
INIH @ RO RLODS28 02. NiH GM 18438 NiH-GM 18000)
Consdniation of the problem of hon nto
the body with 1esultant snternal powet Mﬂm hom both the
theotstical and expenmental vewpownts The results ate dacussed
N teems of thatepsutic wamwng of tasues and poasidle hatards
caused by wiemal hot spots The absorptwr: and scattenng effects
of hght ' nological LEsues are revawed Molcrula! sbeorphon
pedhs in the opticl spectium are ysehul f0r MBRWH Mmoleculnr
© 10N Meas by spactioscapy Much of the related
wocl n the Itetature W summanzed. 10Mme New nLtulls ave
presented. and saverdl usehul apphicatons of wave emwgy and
mathcal Istrurants 3¢ i ussed

765-00022
PHYSIOLOGIC NAR: RDS OF MICROWAVE RADIATION:
A SURVEY OF PUSLI WHED LITERATURE
W Kalant 1989 1 p Repr tom Con Med Assoc J. v 0.
1959 p 575 882

Alet deshng with tw physical mwmmmmdmmm
of mucrowave rackaton (N WR), and the machar of
NNy CONVRISION N IS UAS. SRPEnMEMtal lesons protduced by
MWR and the gquantital ve sspacts of fucroe-ave harsids are

reviewed The bologwal gnihcance of nontheumal eftects of
MANR & discussent

78-00023 Nationa! Asronautcs and Space Adrministration,
Wastwngton DC

THE EFFLIT OF SLECTROMAGNETIC AND MAGNETIC
FIELDS ON THE CENTRAL NERVNOUS SYSTEM
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Yo A Rholodor 1908 t p Tramst w10 ENGLIBN om Russen

Publ
(NASA T7.F 40N

The phymoiopc ! Mmachanam of the eftect of Hectromagnets
ot (EMF) on the functiome of the blan wes dudwd usng
sleciraphysoiogesl and condvwongd tefler methods Varwous
mahods Of 1ecTrdvg MOTo! SCtwity #iel deterrimng the emtrety
10 eleiincl end chemwcal shimub  and mopholngca methods
o deschbud The sspahmentsl ammaly were different clesans
of vertebrates begwiwng with hoh and endvg wich mar.nats

0 0006

e Si0L0aICAL ACTiON or ULTRANIGH
tRkQUENCIHS

A A lstovetend 2 V Gordn 1980 t p Repr rum Aced
of Med Scr (Moscow! 1980

78.00088
SHOAT ARD ULTRABHOAT WAVAS IN 81010QY
P Lwbesny Utben ant! Schwarrenbeig Vienng 1938 ' p

78-00020
RADIATION CATARACTOORNESIS
S Lormen 1982 1 p wets Repr trom New Yok Swste ) of
Med v 82 1982 p 207 308

The aye 1 unususily wenuitve 1o many forms ol the two
mapt types of tadkebon ha slclIOMagnet spectium end
corpuscutar radiaton  Ratho waves. ‘ong wave dwathermy and
wisie 1ays usualy do not prodhce cataracts hut shott wave
thathermy and mbgied and ulttaviolel 1athaton have a de'wute
catar~crogenic potentisl Whide Qe 1eys  bete «achation and
LOAMIKC 1aYS May BIGEUCE Cataracts. they ain of htle sgvihcarwe
N companson with othet forms ol radvation ¢ toyensus
Neutrony  'genigen ays  and gamma tays pDONsess the most
setous cataractogene potental The cataracts produced by thess
thiee torms of radvation ste wimilar 10 appRetaANLe 8N sttuctute
cohsisung ity of postenor subcapsular snd cornticel opacites
‘eQuiting latent penode before tecoming visible and oucurtnng
vertht dosea that 0 not necessenly produce any other clawcally
evvdent iawons (ne of the sarheat chamcal changes obsarved
n the lens lullowing expr ¢ o X racha? "8 vapvl Tl
the level of SH sulthydryl) groups Capenments on lats have
ggettedt that the ivtial tirect efects o! X :adation of tha
iany Mgy DO due to ity achon on RNA (nbonucler acd) and
ONA desovyihase nucimd acwtl within the lens

78-00027

QUESTIONS ON THE APPLICATIONS OF MICROWAVES
AND ULTRASONIC WAVES IN MEDICING VOPROSY
PRICAENVENIVA ROROTRIKR | ULTRAROROTRIRN VOLN V
WMEDITSING |

N N Malov Moscow 1940 1 p in RUSSIAN

78-00028
PHYSIOLOQICAL EFFECYS OF THERMODE AND M.
CROWAVE STIMULATION OF PERIPHNERAL NERVES
A D NcAtes 1982 ' p rafs Repr tom Amer J Phyaot
v 203 n0 2 1962 p 374 378

Physiologecal eMects producid v ity dogs tabbuts  and
1ats by mecrowave radhation t3 cm radar and 122 cm Mcro:
thetm) sre duphcatdd mthase animals by heating penphetal nerves
With & Warm watet ! reuSlance wie thermode identcal sltects
occur whan 3 temparature 1anginp between 48 47 C & attawnedt
by oither of these means at 3 treated panphersl nerve of within
ussue nch i penphatal nerve hbwrs The response ehicited by
thermode OF MuCiOWave Shmuiron wncludes sroussl repto.'s.
bio0d pressure and vasculat resptnses. and ngns of newrchumaral
AWhvity It was demonstrated that the physwologeal oﬂoct ol
CTOWRVE 18thation 13 3 result of thermal stimulehon of peng
nerves which occuns independently of 8 ugiwhcant wcrease o
skun tamperature of of 158! body hestig

78-00029

AMALYESIS OF REIPOATED PHYSIOLOGIC TFRECTS OF
MICROWAVE RADIATION

8 O Mclon and €d Fwich 1873 1 p Mepr hom Eng ADV
St Med Py v 14 1973 » 193 223

70 00000
&n&mmm FIILDG AND MR LIFE LNWVIROK.

R Merha, J Must and N Tuha 192' Y p Teny we
ENGLISH tfrom Crechosiovekian Publ

T™he prmaty puipoes of Hws test n to make Mown to
phymcwns and olcirome enganesrs the fundaments! problems
encountered i eviluating the poasbie effects of e wives
on eng matter. with partcvier emphesrs on min and the
protechon of the human orgenam agimat such eflacts An
undantandng of beuc concepts of Mathematcs, physcs. Dology.
and chemustry « neceststy  The inclogesl efhects Of slettro.
MagNetc waver and thet mechanams. th uctutrence and use
of SictoMmagnetic #etgy the manimum permtable held intensty
end taduation sind thew determnation. hadith and tech~weal
problems mvoived in wotling with genetators of slectromagnetc
Veaven. anvd the OIRaNation 0! worlwng condihione ate contrdered
An sppenche destrbes & standard method of deterfwning held
mentity and slectiomaghetic wave edhatron w the RF and
UNF 1anges fo! health putposes

78-00091
T™ME TR-ORAVICE PROGRAM: A TRIBUTE TO SRORGE
M. ANAUR, VAR (MO
S M Mchastwn Feb 197 2 p rats Rept trom IEEE vinat
Elec Elctton Eng) Trans v MTT 18 no 2 Feb 1B
p V3! 148

Dunng Workd War Il the Department of Deferaa methep!
rvces became wiersated and concernad about possble hatarde
associated with the develcprment. ope ., and
of the ncresung numbers of radars and oM redw- trequency

A pAUpmant Alte! SOMe Investigations by the

us Naw and the US Au Force. iesponsiniity for ressarch on
the tromedical aspects of microwave tadision was delegated n
July 1987 as &t sereice arrangament to Ramt Air Development
Canter Grftas Auv Force Base. N v Pruvary resgonubiity for
coordination of the progtam tested with Dr George M Knaui.
USAF (MCi ™e Tn Service Program wicluded inveshigaton of
eftects of exposure o' the whole body. salected otgans and tissues,
sngle cells. and erpyma systems uswng vanous powet levels.
puised BnU CONUINUDUE wave. n the frequuncy spectrum kom
200 thiough 24 500 MM under Jcute. subdcute. 8nd chionc
contktions. The muat importznt contnibution of the Tn-Servke
Program was the valudation of the 10 mW/sq cm safety standard
The Tu-Sernce Program n to date the only latge scale coordwnated
effort 1n the Wastem wu 10 elucvdate and understand some
of the bawc mech osttacts andd to st

bie hesith 1mpl nm;o'mmmo'moy This paper
comm»u o oveiview ol the Tn Sornwce Progiam to provde
snme uatoncdl gt o the mgrvificence of e progiam and
1ts conthbutions to owr undeistanaing of the biologet sHects of
mciowaves

76-00032

SIOMEDICAL ASPECTS OF MICROWAVE EXPOBURS

S M Michsetson Miy 197Y 1 p Repr trom Eng AM Ind
Hyg Assoc J v 32. May 1971 p 338-343

78-00033 Rocivester Unw . NY
BI0LOGICAL SPFECTS OF MICROWAVE EXPOSURE: AN
OVERVIEW
S M Mchashion 1972 Y p Repr tom J Microwave Powet
«Canada). v 8. no 3. 1971 p 259.287

An impottant effect ol miciowave sbecrption 1 found to be
the converswon of the abeorbed energy into neat. ht was found
that the exposure of vanous specws of ammeh to wholebody
Mrowave tathanon at levels of 100 mW/3q cm Ot mom B
claractensed by 3 temperatute e, 8 function of the thermet
roquistory processes and active adaptation of the suma. The
ond result i sither reversibie Of ireversibie. depending on thy
wiathaton condvtons and the phytiological siaste LT the srwmal.
Thermal reaponees i dogs 8fe characteraed by utial thermal
responss. & penod of thermal equikbnum, and a period of thermal

s et wosatlll b ke o
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breakdown [n areas in which relatively little blood circulates
the tempaerature nses considerably (since there is little meant
for the interchange of heat). and tissue damage is more likel
to occur

78-00034 Rochester Unwv. NY
HUMAN EXPOSURE TC NONIONIZING RADIANT ENERGY.
POTENTIAL HAZARDS AND SAFETY STANDARDS
S M Michaelson Apr 1972 1 p Repr from IEEE (Inst Eec
Electron Eng). v 60. spr 1972 p 389-421 Sponsored by
AEC

The pathophysiology is discussed of exposure io ultraviolet.
infrared coherent electromagnetic (laserl, microwave. and
radio-frequency radiation diomedical aspects of exposure are
considered along with t(he: organs most susceptible to damage
and the human tolerance threshold for raciation. Protection
guidelines astablished for the different types of radiation are
summanzed along with difficulties in formulating them

75-00038 Roachester Univ. NY
CUTANEOUS PERCEPTION OF MICROWAVES
§ M Michaelson Jun 1972 1 p Repr from J of Microwave
Power (Canada). v 7. Jun 1972 p 67-73 Sponsored by AET
Results of studies indicate that when a 40 sq cm area of
the face 1s exposed to microwaves. thermal sensation can he
elicited within 1 sec at power densities of 21 mW /sq cm for
10 000 MHz, und 58 6 mW/sq cm ior 3000 MH: Within &
sec. the threshold is lowered by approximately 50% Thresholds
for pain reaction of the inner fcrearm were slso studied The
data indicate that microwave sensttion may provide a protection
factor against exposure to microwaves at levels that could be
INJUNOUS

75-00036

SOVIET VIEWS ON THE B2IOLOGICAL EFFECTS F
MICROWAVES: AN ANALYSIS

S M Muchaelson and C H Dodge Jul 1971 1 p Repr
from Eng Health Phys . v 21, Jul 1971 p 108-111

76-00037
SOME TECHNICAL ASPECTS OF MICROWAVE RADIATION
HAZARDS
W W Mumford 1961 1 p Rep tom Proc IRE, v 49,
1961 p 427447

The potential hazards of microwave powe! io man s discussed
along with adopted safety measures Research work which has
influenced the establishment of cntena for safe and potentially
hazardous environments for human beings s reviewed The
cutrently adopted safety limits are described and a recommended
method of calculating power densities 1s derived. Commercially
avallable power density meters are mentioned and their rmethod
of operation i1s described along with theirr use In surveying a
site The shielding effect of wirte mesh fences i1s presented in a
monograph

75-00038

RADIO FREQUENCIES AND MICROWAVES. MAGNETIC
AND ELECTRICAL FIELDS

Yu | Nowvitskiy. 2 V Gordon, A § Presman, and Yu A Kholodov
Washington NASA 1971 1 p

{NASA-TT-F-14021)

7%-00039

BIOPHYSICAL FOUNDATIONS UF THE THERAPEUTIC
ASPEC1Y OF HIGH FREQUENCY ELECTRICAL FIELDS

J Paetzold and H. B Schaeter 1948 1 p Repr from Nat.
Sct Med in Germany. 1934.1946, Vol 22, Buwophys 2,
Wiesbaden, 1948 p 17-19

75-00040 Scripta Technica. Inc. Washington, D C
INFLUENCE OF MICROWAVE RADIATION ON THE
ORGANISM OF MAN AND ANIMALS

| R Petrov. ed Feb 1972 1 p Transl into ENGLISH of the
book “Vlwyaniye Svch lzlucheniya na Organizm Cheloveka
Zhivotnykh™  teningrad. Meditsina Press, 1970

LS e s o e N N v fin i it el

B-5

{Contract NASw-2038)
(NASA-TT-F-708)

The effact of the microwave field on the nrgenism were
studied The biological bases of the action of microwave
slectromagnetic radiation on the orgenism are considered with
experimantal material on the influence of high and low microwave
intensities on the animal organism, characterizing the functional
changes of the orgsnism's basic systems and its rnetabohsm
Damage due to microwaves combined with other factors and
changes in th.a orgamism’'s immunological reactivity, the properties
of b.cteria, viruses, and simple animals were discussed The
influence of microwaves on the human orgsrism and data
acquired as a result of observations on volunteers as to the
nfluence of low microwave iritensities on the healthy human
organism are studied along with the symptomatology. stages.
reversibility of changes. and a classification for the pethological
processes that arnse under the influsence of microwaves in persons
working with microwave generators.

" 78-00041

PROCEEDINGS OF THE FOURTH ANNUAL TRI-SERVICE
CONFERENCE ON THE BIOLOGICAL EFFECTS OF
MICROWAVE RADIATION

M F. Peyton. ed. 1961 1 p

{RADC-TR-60-180)

The biological effects of microwave radiation on human
pcthology, metabolism,  development. neurclogy and the
biornedical aspects of microwave radiation are discussed In vanious
papers Major areas included are the following the radioirequency
environment, microwave instrumentation for the measurement
of biological effects, generation and detection of pulsed X-rays
from microwave sources; engineernng aspects of microwave
radiation hazards. development of a garment for protection of
personnel; and thermat effects of high-frequency fields.

78-00042

ELECTROMAGNETIC FIELDS AND LIFE

A. 8 Presman Plenum., New York 1970 ! p Transl into
ENGLISH ‘rom the Russian

75-00043

RESULTS OF BIOPHYSICAL RESEARCH (N SEPARATE
PRESENTATIONS. VOLUME 1: ULTRASHORT WAVES
[ERGEBNISSE DER BIOPHYSIKALISCHEN FORSCHUNG IN
EINZELDARSTELLUNGEN. VOLUME 1
ULTRAKURZWELLEN ]

B Rajewsky. ed Gaorg Thieme, Lepzaig 1938 1 p In
GERMAN

75-00044

SHOR( WAVE THEPRAPY: THE MEDICAL USES OF
ELECTRICAL HIGH FREQUENCIES

E Schiiephake Actimc Press Ltd.. London 1935 1 p

75-00048
RAC'ATION BIOLOGY, MEDICAL APPLICATIONS AND
RADIATION HAZARDS
H. P Schwan 1968 1 p refs Repr from Microwave Powei
Engr. v 2, 1968 p 215-234

The biological effects of microwave radiation on hurman tissues
are reviewed Medical applications n diathermy and diaguostic
instruments are described. Hazards to man, especially the eyes,

of exposure to strong sources of electromagnetic radiation are
discussed

75-00048
INTERACTION OF MICROWAVE ANMD RADIO FREQUENCY
RADIATION WITH BIOLOGICAL SYSTEMS
H P Schwan 1971 2 p refs Repr from IEEE (Iinst Elec
Electron Eng.). Trans. v MTT-19. no 2, 1971 p 146-152

A survey of thermal and nonthermal effects of microwave
and radio frequency radiation 1s presented with recommendations
for future work Equations are presented which state dielectric
constant and conducivity for tissues of high water content as
functions of macromolecular content and frequency Nonthermal
principles which explain many previous observations are largely

2
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due to heiC-induced forces are discussed Such effects occur in
the human body only at field-strength levels which are thar-
mally dangerous. It s concluded that. (1) field-force stfects cannot
be enhanced by use of puised helds; (2] narve membranes cannot
be directly stimulated by microwave fisids, (3) macromolecular
resongnces are not excited in body fluids and tissuss A guidehine
ior future standard work in complex fields 13 proposed It 13
based on the concept of & toisrance current density.

783-00047  Pennsyivania Univ . Philadeiphia

MICROWAVE RADIATION: BIOPHYSICAL CONSIDERA.
TIONS AND STANDARDS CTRITERIA

H P Schwen Jul 1972 1 p Repr from IEEE (Inst Elec
Electron Eny). Trans Bio-Med. Eng. v BME-19, Jul 1972 p
304-212

(NIH-.5-RO1-HE.01253)

The estabhished physical principies telsting to thermal and
nonthermal eftects of microwave radiation are discussed
together with the effects of continuous snd puised radiation
Certain considerations indicate that present guidelines for safe
sxposute to Microwaves are conservative There should be no
neea 10 lower the value of 10 mW /sq cm currently baing used
for safe long-term exposure in distance helds of antennas
Approaches for extending standards to the case of complex field
configutations are also discussed along with a guide number of
safe tissue-current densities for the total frequency range

75.00048
MAZARDS DUE TO TOTAL BODY IRRADIATION BY
RADAR
H P Schwan and K L1 Nov 1956 2 p rets Repr tom
Proc IRE, v 44 Nov 1956 p 1572-1581

Expenmental work by others at 10 ¢ wavelength has shown
that irreversiblie damage to the eye is caused by slectiomagnetic
radiation, if tie energy flux 1= in excess of about 02 watt/sq
cm  Intolerable tetnperature nse. due to total hody irradiation
may be anticipated for flux values in excess of 002 watts/sq
cm Hence a discussion of i19zards due to total body irradiation
s of primary interest This paper presents data which analyze
the mode of propagation of electromagnetic radiation into the
human body and resultant heat development The two quantities
which are considered in detail are (1) coefficient, which
charactenzes the percentage of airborne elactromagnetic energy
as absorbed by the body. (2) distnbution of heat sources in
skin subcutaneous fat. and deeper situated tssues Conclusions
of practical value are (1) Since sensory elements are located
pnmanly in the skin. low-frequency radition (t less than 1000 mc)
185 much more dangerous than high-frequency radation (2}
Radiation of very high frequency (f gruater than 3000 mc) causes
only superficial heating with much the same effects as infrared
and sunlight The sensory reaction of the skin should provide
adequate warning

75-00049
THE ABSORPTION OF ELECTROMAGNETIC ENERGY IN
B80DY TISSUES
H P Schwan and G M Piersol Dec 1954 1 p Repr from
Am J Phys Med. v 33 Dec 1954 p 371404

Effects on biological material can be placed in three
categories (1) thermal, (2) specihic thermal. and (3) nonthennal
Volume heating 1s discussed as the general heating which any
type of conductor or semiconductor, such as tissue, may receive
under the influence of elactrical currents or waves Specific thermal
effects (structural heating) exist when boundaries between
different types oi tissues or particles can be selectively heated
without substantial heating of the surrounding metenal Those
effects which cannot ba explained on a thermal basis are classified
as nonthermal Energy sbsorption leads to the development of
heat. This is defined as ‘primary heat' developed n the irradisted
body Pnmary heating produces temperature differences between
vanous tissues and even differences within homogeneous matenal.
The biophysicist and the physioiogist work together and study
actual heat distnbution and associated phenomenon, such as
blood flow. The chmcwan records ihe final results All thres groups
cooparate to obtain a8 complete, clear picture of the effects of

radiation. The actual temperature Curve, 8iso the combined effects
of primary heat development and heat flow are more important
then the mechanism of absorption. A complste knowledge ¢an
be sscertained of actual temperature distributions only in animal
expeniments Extrapolation of this information to the human body
s difficult becsuse the amount of heat which can be absorbed
by any body depends on the volume and surface of the irradisted
body. Hete knowiedge of the lundamentsis of the absorption
mechanism is most heipful. It permits 8 prediction of how much
radiant energy will be absorbed in the body. how far it penetrates.
and the kind of tissue which will experience specisl hest
development

————— 1
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76-00080 Bureau of Radiological Health, Rockville, Md :
AEGULATIONS, STANDARDS, AND GUIDES FOR i
MICROWAVES, ULTRAVIOLET RADIATION, AND
RADIATION FROM LASERS AND TELEVISION NECRIVERS:
AN ANNOTATED BIBLIOGRAPHY

L. R. Smier. D. R Snavely. D L Solem, snd R. F. VanWye
Apr. 1969 1 p

(PubI-999-RH-35)

The bibliography was prepared by the Standards Services
Branch, Otfice of Cntena and tandards, 1n cooparation with
the Electromics Products Radiation Laboratory tnow the Division
of Electromic Products), Bureau of Radiclogical Health. Copies
are availlable for Aistribution to orgamizations and individuals who
need this information. The project 1s a psrt of the Buresu of
Radiologica! Heaith's program to assist organizations and
individusls who are responsible for protecting the pubhc aganst
the harmiul effects of excessive radiation. The 1967 Congressional
Hearings on the control of radistion from electronic products
have made clear the need to organize the information on existing
regulations. standards, and guides developed by Federal. state,
and mumcipal governments. military  orgsnizations  and
nongovernmental orgamzauons This annotated bibliography was
prepared in a form which aids ni the companson of existing ot
proposed regulations. standards, and guides for further evaiuation
with respect t0 adequacy of health protection and control, with i
consideration given to the economic and technologic factors

75-00081

HEARING SENSATIONS IN ELECTRIC FIELDS

H C Sommer and H E vonGierke 1964 1 p refs Repr

trom Aerospace Med.. v 35. 1964 p 834.839

Electrophonic heanng, stimulated by an aucio-frequency

current passed through different types of electrode systeams

attached to varnous areas of the head and body. was previously

investigated More recently. human auditory system response to

moduiated eluctromagnenc energy was reported. The axpenmaents

to be discussed in this paper were designed to study the hearnng

phenomena n etectrostatic fields when tha whole head or parts i

of its surface are exposed to an alternating electrostatic field of 1

audio-frequency with and without a supenmposed DC field The }
i
1

threshol data obtained suggest there 1s no other auditory

stimulation excepting mechanical tissue excitation by the
elactrostatic forces connected with such fields Calculated :
threshold data for stimulation by amglitude modulated RF he'ds. !
assuming the same electromechanical excitation of normal bone ;
and air conduction hearing. are presented and compared to the
heanng phenomena in  such fields reported by othess !
Electromechanical held forces must be considered as primary

causes for the hearng sensstions observed ‘with vanous types

ol electrophonic stimulations Threoretical considerations and

existing expenmental data make it most lkely that these forces

account for all repoits whore the hearning of pure or distorted

tones ({rather than indiscnminate noise) was involved. There 1s

no evidence of any direct perception of electrical audio signals

which would not go via electromechanically induced vibrations

in tissue and normal reception n the cochlea. Electrostatic

excitation of vibrations in tissue appears as a useful new research

tool for spacialized psychophysiological expenmentation on the

auditary or vibrotactile system.

75-00062
PATHOLOGICAL EFFECTS OF RADIO WAVES
M S Tolgskaia and 2. V. Gordon 1973 1 p Transl. mnto
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ENGLISH of the book “Mo.forxaiogichashie lzmensnua pn
Daesstyn Elehtromagnitnykh Voin Radwchastot” Moscow.
Izdatelstvo Meditaina Press. 1971 143 p

Mormphological and physiologicsl studies of the irreversible
effects of racho waves on a total of 848 rabbits. rats and mice.
covering chromc and acute exposures st 800 kHz to 18 MHz.
1488 09 7. 185 and 191 MMz, lsating from several minutes
t0 15 months were conducted The functional and morphological
changes produced by exposures of vanous lengths and intenmtves
n  the carcvascular and nervous systems. myocardium,
reproductive organs. hiochemistry, blood. eye. weight. cerebrum.
cornten, spinal cord, skin wnd neurons are dv d Exposures
In the centimaeter wavelength range tended to affect the nervous
tibers of the skin, internal orgens and cortical neurons while
exposures in the decimeter range showed no affect on the nervous
activity of the skin The monograph s intended for scientists
interested in the subject

74-00083

SIOLOGIC EFFECTS OF NONIONIZING RADIATION

P E Tyler, ed. 28 Feb 1975 1 p Repr trom Ann N. Y
Acad. Sci.v 247 28 Feb 1978

79-00004
QUANTIFVING MAZARDOUS ELECTROMAGNETIC FIELDS:
SCIENTIFIC BASIS AND PRACTICAL CONSIDERATIONS
P F Wacker and R R Bowman 197! 1 p refs Repr. trom
IEEE (Inst Elec. Electron. Eng.). Trans. v MTT-19, no. 2, 1971
p 178-187

The compl s and probl of quantifying hazerdous
EM helds involving source-subject coupling, reactive near-field
components, multipath components. and atbitrary polanzation
are examined General discussion of dosimetnc measurements
and Fazard survey measurements 13 given, and also some basic
cons derations  for the design of held probes for these
mersurements Recommendations are given for suitable
parameters for quantifying complicated EM fislds. and essential
and desirable charactenstics for hazaid survey maeters are
siated Several recently designed hazard survey probes are capable
of measurning these recommended parameters in many comphcated
fields of interest. and impraved instruments are anticipated

76-00088
SIOLOGIC EFFECTS STUNIES ON  MICROWAVE
RADIATION TIME AND POWER THRESHOLDS FOR
PRODUCYION OF LENS OPACITIES BY 123 cm
MICROWAVES
D B wWithams, J P Monahan, W J. Nicholson, and J J Aldnch
1955 2 p refs Repr from Amer Med Ass Arch Ophthalmo .
v 54 1955 p 863.874

Opacities can be produced in the eyes of anesthetized
rabbits by single exposures to 123 cm miciowaves Time and
power requirements far expenmental opacity formation ranges
between 5 minutes, at 0 59 watt/sq cm. and 90 minutes. at
0 29 watt/sq cm The power densities of this threshold correspond
to a thermai flux of 84 10 41 cal/sq cm/min The trend of
the threshold beyond 90 minutes 1s bracketed between 022
and 012 watt/sq cm for 45 hours of sustained irradiation
The failure of the protracted penod of exposure at 0 12 watt/sq
cm to causs any discermible effect suggests the proxmity of a
power density below which opacity production by this mathod
s not practical. As nesrly as can be determined by
ophthal 0 1, all opacit are formed - the
posteror lgns segment and in some respects resembis ieuions
produced by certain ionizing irradiations  The quanuty of 123 cm
radiation reflected and transmitted by the eye is unknown, but
sufficient energy is absorbed to produce temperatures of 49 to
53 C at the site of the lens which later becomes cataractous
A latent patiod of 1 to 14 days elapsas befora the onset of
discermble opacitiaa. The tesions. in ordar of inCroasing seventy.
are classified according to appearance as mimmal, circumscnbaed.
ond diffuse Minimal lesions may not be detnmental to sight.
but the last two types interfere with vision Other ocular effects
are observed but. for the most part, appear less significant than
lans injury Sacondary effects are nut consistently related to the
development of lens damage excapt in .ome cases of the diffuse

Eea e )y A an eRisla R b ki s e ur

lesion. where sevare and petsisting periorbital edema sppean to
be & precursor of cataract formation.
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Section 2.
MICROWAVES: Genersl Retferences

78-000808

EPPECT OF MICROWAVES ON YHE REACTIONS OF THE
WHITE 3L00D CELLS SYSTEM

S Barenski 1972 1 p Repr from Acta Physologica Polonica.
v 23 1972 p 605 095

76-00087
EFFECT OF CHRONIC MICROWAVE IRRADIATION ON THE
BLOOD FORMING SYCTEM OF GUINEA PIGS AND
RABBITS
S Batanski 1971 1 p Reuor from Aetospace Med v 42
1971 p 1196 1199

One hundred guinea pigs and 100 rabbits were rradisted
nan anechoic toom with continuous o1 pulsed Mmicrowaves In
the 10 cm wave band at 3 5 mW icm pawer density for 3 months,
3 his.cdally Penpheral blood bone martrow, lymph nodes and
spleen were examined Increases in absoiute lymphocyte counts
in panpheral blood abnormalities in nuclear structure and mitosis
in the erythioblastic cell senes in the bone martow and
lymphoid cel's in lymph nodes and spleen were observed These
changes are a cumulative result ot repeated irradiations The
underlying mecharism seems dithcult to explain i terms of
thermal effects Extrathermal complex interactions seem to be
more piobable

76-00088

ELECTROENCEPHALOGRAPHICAL AND
MORPHOLOGICAL INVESTIGATION UPON THE
INFLUENCE OF MICROWAVES ON THE CENTRAL
NERVOUS SYSTEM

S Baranski and 2 Edeiwssn 1967 1 p Repr from Acta
Phisiol Pol (Poland). no 18. 1967 p 517.532

75-00089

MICROIWAVE EFFECTS ON MITOSIS IN VIVO AND AND
IN VITRO

S BRaransh. P Ceerski and S Semigelski 1969 ' p  Repr
trom Genetica Polonca v 10 1969 p 3 4

75-00080

INVESTIGATIONS OF THE BEHAVIOR OF CORPUSCULAR
SLOOD CONBTITUENYS IN PERSONS EXPOSED TO
MICROWAVES

S Baranski and P Czersku 1966 1 p Repr from Lek Woisk
v 42 1966 p 903 909

75-00081 Calfornia Umiv, Los Angeles
EFFECTS OF MODULATED VERY HIGH FREQUENCY
FIELDS ON SPECIFIC BRAIN RHYTHMS IN CATS
S M Bawn, R J Gavalas Medici. and W R Adey 1973
1 p Repr trom Bran Res {Amsterdam) v 58 no 2. 1973
p 365 384

The efHects of exposuras to low intensity less than
1 mW 'sq cmi. very high frequency (VHF) (147MHz) alectncal
fields. amplitude modulated | AM | at biological frequencies
(1 25 Hz). were studied on untrained and condiioned chronically
implanted cats The fields wers ¢p.hed between 2 Al plates
(dentical voltages. 180 deg phsse shift) fumly anchored to the
floor ot an isolation booth. especially designed for use of VHF
fields The animais were restrained in 3 hammaock, the longitudinal
anis of the body kept paraliel to the held plates EEG and EOG
| electro oculograms | were tecorded through a system of low
pass hiters on a Model 6 Grass EEG and an Amp-x FR 1100
‘ape recarder. behavior was continuously obsetved through 8
clesed ciucuit TV A senes of animals was operantly trained to

Y N L L S A

produce spacific ttansmient bran rhythms following penodw (every
30 s} presentations of a hght Nash stimulus The leveis of
pertntmance were ostabhished (visusl and spactral analysis)
during conditoning and extinction schedules for 8 serves of cats
submitted to VMF helds AM at the dominant frequencies of the
selected transiant patterns and tor @ contiol group, i the absance
of helds The irradwtod animasls difftered markedly from the controt
group n the 1ate of performance, accuracy (in terms of frequency
bandwidth) of the reinforced patterns and resistance to extinction
(muimum of 50 days vs 10 days) The specificity of the frequency
of the modulation was tested on another group of untrained
animals whete Spontansous transient pattarns were used to tngger
for short epochs (20 s following every burst) the VHF helds
AM at vanous frequencies The fieids were acting as reinfoicers
(increasing the rate of occurience of the spontansous rhythms)
only when modulated at frequencies close to the biologically
dominant frequency of the selected intrinsic EEG rhythmiz
episodes Interaction routes between external felds and CNS
are discussed Perhaps AM VHF helds influence heuronal
membrane ercitabihity

78-00082
TME EFFECT OF 10-CENTIMETER AND ULTRASHORT
WAVES ON THE REPRODUCTIVE FUNCTION OF FEMALE
MicE
A N Bereznitskaya 1968 1 p Repr fom Gig Tr. 1 Prof
Zabolev 'USSH). no 9. 1968 p 33-37

C. -~ ~ wradwation of fernale mice with 10 cm waves of
10m 41« N intensity was found to bring sbout certain changes
i the course of estrus cycle inding their expression n an increased
duration of normal cycle at the expense of prolonged destrus
and metaestrus stages A pertial sterity of wraduted females
was observed The progeny of female mice irradiated prior to
canception. and especially before and dunng gestation proved
to be defective with instances of stillbirth and a considerable
proportion of postnatal lethaiity The oMsprings of irradisted
females showed retarded weight and body size gain as against
contiols and developed at a siower rate

78-00083 T Research inst, Chicago. il

SUSCEPTIBILITY OF CARDIAC PACEMANKERS TO ELF
MAGNETIC FIELDS (METHOD AND CRITERION FOR
EVALUATING ELF MAGNETIC FIELD INTERFERENCE
EFFECTS ON CARDIAC PACEMAKER FUNCTION)

J E Bndges, E E Brusschke. M. P Kaye. D A. Miler, and C
D Pont Apr 197t 1 p

(Contract NOOQ39-71.C-0111)

{AD 737237 HiTRI-E6185 1)

In the report it was concluded that the vxtremely ow fequency
{ELF) magnenc fieid levels which interfere with the operation or
cardiac pacemakers are much greater than those expected from
a conceptual delense SANGUINE communication system This
conclusion was based on an expenmental progran: in which the
effect ot extramely low trequency {10-100 Hz) magnetic helds
on cardiac pacemakers was studied. Objectives of the program
were to determine a safe level (threshold) for a magnetic field
in this frequency range and to establish a8 method and critenon
for nvaluating the interference ettects Examples ot elactromagnetic
fields affecting implanted heart pacemakers are presented

78-00084
SIOLOGICAL EFFECTS OF MICROWAVE AND RADIO
FREQUENCY RADIATION
S F Cleary Jun 1970 1t p refs Repr from Critical Rev
Environ Control. v 1, Jun 1970 p 257-306

A comprehensive up-to-date survey of all aspects of the
interaction of microwaves and r{ with biological systems s
presented Mechaniems of interz_cions are given, together with
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detaied rtevieves Of specific offac’s such as thermel. lenticular,
testicular and genetc damage A section is devoted to the
measuremants of power levels anc to standard for human
eRposute

785- 00088
CONSIDERATIONS ON THE EVALUATION OF THE
SIOLOQICAL EFFECTS OF EAPOSURE TO MICROWAVE
RADIATION
S F Cweery Feb 1970 1 p refs Repr rom Am Ind Hyg
Assoc J v 3V no 1. Jan Feb 1970 p 52 59

A review 1S given of the thermal lless than 10 mW sq cm)
and non thermal eMtects of microwsve and ulttaligh frequency
radhation exposuts on organisms. argans. cells bacte.ia and
bological molecules A discussion of permissible exposure himits
based on easting experience. and of the relevant dithculties s
presented

79.00008

UNCERTAINTIES N THME EVALUATION OF THME
BIOLOGICAL EFFECTS oF MICROWAVE AND
RADIOEREQUENCY RADIATION

S F Ciwary Oct 1973 1 p Rept from Hu:nh Phys . v 25
Oct 1973 p 387 404

78-00087

ANALYSIS OF OQOCCUPATIONAL EXPOSURE TO
MICROWAVE RADIATION

P Coetshi and M Sielierzynske Plenum, N Y 1875 1 p
Presentad in Fundamentsl and Apphed Aspects of Noniomiaing
Radiations  Proceedings of the 7ith Rochester Intern Cont on
Environ Tomcity R :hester. N Y 57 Jun 1974

78.00008
HEALTH SURVEILLANCE oF PERSONNEL
OCCUPATIONALLY EXPOSED TO MICROWAVES. .
THEORETICAL CONSIODERATIONS AND PRACTICAL
ASPECTS
P aesi M Sielerzynske and A Gidynski 1974 1 p  Repr
om Aerospace Med . v 45 no 10. 1974 p 1137 1142
Prunciples of hsalth surveidlance of mictowave workets are
presented An analysis of the .ncidence of disotders considered
cantraindications for occupational miCtTowave exposure among
841 males aged 20 to 45 years and axposed occupationally to
mtowdves 107 Vvanous panods was made The anulyzed population
was subdivided into two groups ditfering only i respect to
mictowave exposure low 1e helow 02 mW. sq cm and high
e between 02 mWsq cm and 8 mW 'sq cm No dependence
of the ncdence it disorders considered contrandications for
ot apatinnal miciowave expasure on the exposute level or duration
of occupatonal exposure could he demonstiated The authors
feel that similar studies carned out on groups exposed at other
power density levels are needed

78-00069
A CLINICAL STUDY OF THI RESULTS OF EXPOSURE OF
LABORATORY PERSONNEL TO RADAR AND HIGH
FREQUENCY RADIO
L E Daty 1943 ) p Repr from US Navy Med Bull v 41
1943 n 1052 1065

A group of 45 man with exposure to radar and hngh frequency
rack0 varying from 2 months to 9 years wete observed for
12 months Penodic physical and blood exammations of these
individuals were within the normal range The reproductive
tissues did not seem to have suffered chnically any demonstrable
damage ab judgest by the numbaer of conceptions and normal
pregnancies duting the himae of exposute ot the {athers to radar
No abnormal or premature alopecias that could be connected
with exposure to tadar we:e found There have bheen no unusual
dermatological manifestations It was conciuded that During the
preliminary and presaent work on tadar and high frequency radio
by personnel who are constantly exposed to the equgment and
ity emanations both 1in a shielded and ar unshislded condition,
thete has bsen no chinical evidence of damage 10 these personnel
It 15 thought adwisable that directives as to shislding of equipment
and panodic med  { checkup of personnel be continued 10 prevent

LX)

8 tathet remote possibiily of an occasonal nury due to
overerposute of personnet It 1s 1o be noted that the ratho frequency
enargy of radar 13 not diflerent from that of other high frequency
rathe 01 dhathermy umits of sn aquivalent sverage powet

75-00070

EVALUATION OFf THYROID FUNCTION N 'Iﬂ..ll
OCCUPATIONALLY EXPOSRD T0 MICROWAYVE
RADIATION

A Deniewicz. R Dauk. and M Swehietzynskt 1970 Y p Rept
frorn Polskie Acchiwum Medycyny Wewnetrane) (Poland). no 48,
1970 p 19

70-0007Y

ACTION OF ULTRAHIGH FAROGUENCY RADIATION
(WAVELENGTH 29 om) ON TEMPERATURE OF SMALL
LABORATORY ANHRALS

L DeSeguin and G Castelan 1947 1 p Repr troun Compt
Rend Acad Sci (Pans) v. 224 1947 p 1862

78-80072

AULTONOMIC ARD CARDIOVASCULAR DISORDENRS
DURING CHAONIC EXPOSURE TO SUPER-IMENM
FREQUENCY ELECTROMASNETIC PHILDS

£ A Drogiching. N M Konchalovakaya. K V. Glotova, M. N
Sadchihova. and G V Snegova 1988 1 p Repr trom Gg
Tr 1 Prof 2abolev (USSR). v 10, 1868 p 13.17

78-00073

EXPERIMENTAL RESEARCH ON THE BIOLOGICAL
EFFECTS OF 12.CENTIMETER LOW.INTENGITY WAVES
Yu D Dumansky. A M. Serdyuk. L | Litvinova, L A
Tomashevskaya. nnd \} M Popovich 1972 ' p Repr trom
Heslth 1n inhab d v 2 (Kiev), 1972 p 29-31

78-00074
CHANGES IN THYROID FUNCTION WITH CHRONIC
EXPOSURE TO MICROWAVE RADIATION
N A Dyschenko 1970 1 p Repr trom Gig Tr Prot Zabol
{USSR), no 14, 1970 p 5152

A thyrod study using L 131 was performed n humans
systematically exposed to mictowaves in the 1 cm range Duration
of exposure was 35 hours per wesk The amount of absorbed
L 131 was determined 2. 4. and 24 hours atter \ngestion using
gamma ay intensity measurement near the isthmus: basal
melabohsm was also deterrmined Numencal studies show that
microwave radiation impaits  the  correlations of  nervous
processes and diencephilic regulation in organs and tissues

75-C0078

IMPACT OF SHF ELECTROMAGNETIC RADIATION ON THE
FUNCTIONAL STATE OF THE MYOCARDIUM

N A Dyachenxo 1970 1 p Repr from Voen Med Zhumn
{USSR). no 2. 1970 p 35 37

75-0007¢
FIELD MEASUREMENT OF ULTRAVIOLET, INFRARED. AND
MICROWAVE ENERGIES
J H Fanney. Jr and C H Powell Aug 1967 1 p refs
Rept from Am Ina Hyg Assac J. v 28. no 4 Jul Aug
1967 p 135342

The industrnial hygienust has lot some time bheen aware of
the possible hazards which exist from the energies in the
non wonizing portion of the slectromagnenc spectrum Potential
sources of these radiations and instrumentation availlable for field
measurement are raviewed The instruments by catsgorical types,
theit advantages. disadvantages. anrt specificity for varnious portions
af the spectrum, as waull as the interpretation of theu tesponses
are discussed The article contains recommendations for
avoiding gross errors in fiald surveys

78-00077

QOCCUPATIONAL HYGIENE PROBLEMS IN WORKING WIT1:
ULTRASHORT-WAVE TRANSMITTERS USED IN TV AND
RADIO BROADCAST!NG

N N Goncharova. V 8 Karamyshev and N V Maksimenko
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1988 1 p Repr trom Gy Tt 1 Prot Zsbolev (USSR). v 1IC
1986 p 10 1)

The aim of the ressarch was to study the hesith aspects of
the wotking conchtvons of personnet empiloyed n the vikinity of
ultrashon wave televimion transmitters. and to detetnine the
effects of the slectromagnetc heids within these wavelengths
The studhes wete conducted 8t 1atho and television stations whose
basic equipment conmsted of 2 5 kw tranvmittens operating at
87 230 Mc The 18 tranamitters stuthed esech conmiated of @
maetal cabinet housing. enciosing power tubes condensers.
owillators  power  hine  and  switching componenta.  swd
control and Measunng componen’ -

7800078  Academy of Sciences (USSRI. Moscow
OCCUPATIONAL HEALTN ASPECTS o
RADIO-FREQUENCY ELECTROMAGNETIC RADIATION
2 V Gowdon 19720 V) p  Repr hom Ergonomics and Phys
Environ Factors, Occupational Satety and Heasith Sw 2!
(GENEVA) 1970 p 159 174

The biological “ Hects of electromagnetic radiation depends
on theit heyuency pand (ot wavelength} i ensity and eaposure
tima The typrcal Mect for biological action of radw frequency
radration s prese \ted by 8 tharmal effect which can produce
fever or a local ncresse of temperature in some organs and
tissues defermin d by dislectne joss fuctor The dielectric loss
of enorgy N LSS i8S INteases @y the hequency s increased and
1 leads to a m e effective transformation of electromagnetc
ekt enetyy 1o thermgl energy The thermal eMects of radio
trequency radigtion depends on its intensty and wave length
The chrical picture of thermal etfects s accompaned by typcal
morpholagical altemations charactenstic for hyperthermal A
thermal effect of suthuient deviation involves modifications of a
degenerative typa in the cells of parenchymatuse orguts and
myacarde dystrophic processes 1n the synapses and the cells of
diferent sectors of central nervous system Jdnd autonoma
nervous system lrrachation with smatler doses without ingrease
of body temperatute s not however inditferent for the organism
The central nervous system i the most inhitited The organism
reaction of radio trequency rachation consists of two phases
stimulative and wmhibitive Repeated irradiations of law intensity
frovoke @ permanent functional alteration as a result of cumulative
bological ettacts This should be considered in establishing
regulations for radation exposure Exposuie to radio frequency
tadiation may result in tunctional troubles ot the nervous and
the cardiovasculdt systems shown by hypothoria hradycarcdhia
madification in cardiac conductnaty elc dand alteratians of
endocninal numotal processes In general. warkers eapased to
radio trequency radiation of ditterent lrequencies show @ common
bhasic alteration of the central nervous and cardiovascuiar System
whete only the degree of these alterations vary In persans axposed
to the ar* 3 nt microwaves tuitrehigh fraquencies), the alterations
are mate pronounced Furthermore initial morphological alterations
of vye lans can be observed The alterations in persons working
with sources of high requency occur much more rargly and are
less pronounced The stimuiation of thotogrcal acticity 1s directly
propo-tional to the shortening of wavelength This phenomenon
1s determined by bwphysical processes and the absorption
maecharism of energy of dfferent wavelengths by organic
heterogenic ssues The expernimenta! data obtained in the Institute
al Occupational Hygiene and Disease of Academy of Medical
Sciences provide evidence on the above effects

78-00079

THE PROBLEM OF THE BIOLOGICAL ACTION OF UNF

2 v Gordon 1960 Y p Repr hom Trudy Nu Gigyena Truda
1 Protzabol v Y. 1860 p & 7

75-00000

SOME DATA ON THE EFFECT OF CENTIMETER WAVES
(EXPERIMENTAL STUDIES)

Z V Gotdon. Ye A Lobanova. and M S Tolgskaya 1955
1 p Raepr ftom Gig Sarat (USSP no 12. 1955 p 16 18

7800081  Joint Publicatians Research Service. Arhington, Va
THE EFFECT OF CENTIMETER RADIO WAVES ON MOUSE
FERTILITY

i

S F Gorodetshaya 1963 ' p Tramsl im0 ENGLISH from
Fuwl Ih SSSR (Muscow) v 9, 1383 p 394.298
(JPRS 21200)

Stuches of the development of the offspnng amd histologcel
changes (n sax otgams of inediate.! female white mice (1rachated
with tacho waves ot 3 cm, at a frequency of 877 c/s. an avetage
powst of 345 hw. for § minutes) mated with unirradhated Mmale
mice indvcated the following (1) oversil irrachatron with centimeter
waves has a strong effect on the sex glands of feri.ele mice,
(2; there 1n @ sharp drop in the fertiity of wradhated mice. as
svidenced by the reduced litter sires and s highet stiliirth rete.
and (3} changes were notad in the morphology and funchioning

of the sex organs of mice upon rathatron with centimeter
waves

78-00082
ELECTROMAGNETIC FIELDS AND RELATIVE HEATING
PATTERNS DUE TO A RECTANSULAR AFERTURE SOURCE
1N DIRECT CONTACT WATH BILAYERED BIOLOGICAL
Tissus
A W Guy Feb 19717 1 p rets Repr from IEEE Trans .
v MTT 19 no 2 Feb 197 p 214 223

Erpressions  were  denved and evaluated for  the
electromagnetic helds and associated relative heating patterns
N two layeed Dioiomgcal tissye meda exposed 10 @
drect contact tectangula! aperture source The source consisted
of a linearly polanzed elactnc held distnbution specihed in the
plane of the aperture The results may be used for many thomedical
apphcations ranging trom the design of diathermy to the
estabhshment of standardized slectromagratic hield intensities in
connection with research on slectromagnenc effects in hving
hological media

75-00003

A NOTE ON EMP SAFETY HAZARDS

A W Guy 1974 1 p Repr from IEEE Trans Biomed Eng.
1974

75.00004

MICROWAVE INDUCED ACOUSTIC EFFECTS IN
MAMMALIAN AUDITORY SYSTEMS AND PHYSICAL
MATERIALS

A W Guy. C K Chou. J C ULn snd D Chrstensen Feb
1974 1 p Presented at New York Acad of Sci Cont on 80!
EHects ot Noniomzing Radwation. Feb 1974  Submatted for
publhication

75-00088

THERAPEUTIC APPLICATIONS OF ELECTROMAGNETIC
POWER

A W Guy J F Lehmann, and J B Stonebndge Jan 1974
1 p Repr hom Proc 1EEE. v 62. no 1. Jan 1974 p 5575

75-00088

ELECTROPHYSIOLOGICAL EFFECTS OF
ELECTROMAGNETIC FIELDS ON ANIMALS

AW Guy.d C Lin, and C K Chou Jun 1974 1 p Presanted
at Roachester Environ Towicity Conf, Rochester, N Y. Jun
1974

78-00087 Medical Biological Lab RVO-TNO., The Hague
{Netherlands}

BIOLOGICAL EFFECTE OF MICROWAVE RADIATION,
PART 1

H Heerting and P M M Vanosch Nov 1971 1 p

(MBL 1971 7 Pr-1)

The only biological effacts of microwave radiation that win
now could be proved sxpanmentsily with certainty were purely
thermal in nature the heating and sometmsc subsequent
damaging of biologicat matenal due to absorption of hign . >nsity
microvraves Although not completely explained by theory. the
mechanism of thermal effects of Microwave exposure appears
to be reasonably wat! understood. In practice the affects due to
overhsating can ! : prevanted rather essily.
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76-00008
SHATERAL LENTICULAR OPACITHS OCCURRING IN A
TECHINNCIAN OPERATING A WHCROWAVE GENERATOR
F G Musch ond J T Parher 1982 1 p Rept from Arch
Ind Myg Occup Med v & 1982 p 812 817

A coee study of the damage done to the syes of an adul
male upon EAPOIIS 10 MICTOWAEVE 'ahation ¢ teviewed Sice
Crowave enelgy has been used e ¢ mudahty of phywcal
thetapy for & number ol years without any tecord of ocular
damage. this case study was published to tecall to the mumon
of ophthaimologut. industnal physcians and me
the potentishites of microweve rackation. in order that the uu
of thia form of energy wil be accompamed by appropriate respect
and precautions

75- 00000
CHANGES OF PHAGOCYTIC ACTIVITY AND MOSILITY OF
'ﬂ“\:’.m UNDER THE INFLUENCE OF MICROWAVE
A | ivanov  Kiov Order of Lenn Md Med Acad . Lemingrad
19892 ' p

75-00000  Service de Sentw des Armees. Toulon (France)
S10LOGICAL EFPECTS OF UNF ELECTROMAGSNETIC
RADIATION
R Joly and B Servante Mar 1972 1 p

Very hgh huquency radkation affects. emitted by radar
equIpMent. on the human omaMS™M were investigated The
physiologicat and physopathologecal aspects are outhined Data
#lso cover pulse duration. penetrative power. energy denaity, and
oRposure tine

78-00001
CHANGES I8 THE ELECTRICAL ACTIVITY OF THE RABRIT
CEREDRAL CORTER DURING EXPOSURE TO A UNE-NF
ELECTROMAGNETIC FIELD. PART 2: THE DIRECT ACTION
OF THE UNB-NF FIELD ON THE CENTRAL NEAVOUS
SYSTEM
Yu A Kholodov 1983 ' p Repr from Bwl Eksp Biol Med
iUSSR) no 58 1963 p 42 48

The effect of an UHF held on the EFG aher wnjuty to the
teloreceptors. alone or concurrent with an ncision ol the
mesenceghalon st the infenor collicul. was studied in rebbits
The animaly reactions atter single deatftersentation, or combined
with the brain section. were the same 83 i the normal controls.
that 1s, the EEC showed an incrrase in ampl:itude and a decredse
n frequency The effect was evaluated in terms of response
frequency and latent penod The same reaction. even mote
pronounced was noted in the slated brain. which suggested
that the telereceptors are not phmanty concerned with the
parcaption of the UHF field Incision at tha mesencephalc level
ncreased the dutation of the response but shortened the latent
petiod The dwncephalon and talecephaion located above the
NCISION wete capabie of responding to the UHF tield The mean
iatent penod was increased aher deatferentation However. tce
distnhution curve in different individuals showed two maxuma
No morphological explanation could be tound 1o account for the
difference in response However the cortex and the hypothalamus
showed distinct histological changes

76-00002
THE EFFECT OF AN ELECTROMAGNETIC FIELD ON THE
CENTRAL NERVOUS SYSTEM
Yu A Kholodov 1962 Y p Repr from Puroda (USSR no 4.
1962 p 104 108

The efiects oi a stauc magnetc field on the central nervoiss
systam were studied n buds. fish. and mammals by the
conditioned reflex method Reactions to hght. sound and slectrnc
current were utized Tha field strength vaned from t to 800 Oe
and sxposure hime from seconds t. houts Although food seaking
and electrodefensive reflexas to a magnetic field could be
estabhshed. 1t was easiar n fHish to develop inhibitory
conditioned reflexes In this aspect magneusm proved a greater
stimutus than hight or sound In mgeans. aiimentary conditioned
reflaxes were inhibited in 70% of the case:r by the magnetic

3]

heid in heh the atrength of the electne current needed 10 shmulate
o fuh to quver mcreseed by 48% in o eid of 100 10 200 Oe

mwdmmnmm.nmm
to 2 magnatic hold than an wiect brawn it s conciuded that &
magnetee heid acts e (1) & wesh stirnulua, (2) B wsudlly inlviRory,
ond (3} acts dwectly on the forsbrawn and

75-00003

THE EFPECT OF CENTWARTER WAVES OF DIFPERENTY

INTENGITIES ON THR BLOOO AND NEMOPONTIC

ONGANS OF WIHITE RATS

t A Kitsovshays 1964 ' p Repe from Gug Tr 1 Prof Zatolev

(USSR). v 8. 1984 p 14.20
mmmchndmmmdamd

radatron with 10-ce wave puises upon the blood and

hemopowtic orgens (bone marrow and spleen) in wivte fats

ANt establishing each tat's blclvm level for hamoglobn

the microwave intenqity and sxposure penods varwd 10! each
group. Penodc blood studies were performed. and changes =
the numbet of formed bicod slements wn esch arvmed ware
compared and the results recorded

75-00004

POTENTIAL  RADIATION MNA2ARD N RADAR
INSTALLATIONS

H J Koerner 1967 Y p Repr from Zent Arbeitamed
Arbestsschute, v 17. 1987 p 1§

76-0000¢

THE OCULAR EFFECTS OF MICROWAVES ON
HYPOTHERMIC RABBITS: A STUDY OF MICROWAVE
CATARACTOGENIC MECHANIOMS

P O Kramar. A F Emery. A W Guy. and J C Lin Feb
1974 1 p Piesented at the New York Acad of R¢i Con! on
Bwl Eftects of Noniomaing Rackation. Feb 1974

78-00098

ACCURACY LIMITATION IN MEASUREMENTS OF NP
FIELD INTENSITIES FOR PROTECTION AGAINST
RADIATION MAZARDS

H R Kucia Nov 1972 1Y p Repr from IEEE linst Elec
Eleciton Engr). Trans Instt Meas. v IM 21, Nov 1972
p 412.-415 Presented 2t the IEEE and Intern Union of Radio
Sc1 Cont on Precimon Electromagnetic Meas. 13th. Boulder.
Colo . 26-29 Jun 1972

78-00087 Maethodist Hospital. Houston. Tex
A MICROWAVE DECOUPLED BRAIN-TEMPERATURE
TRANSDUCER
L E Lursen. R A Moore. and J Acevedo Ap: 1974 1 p
Rept from IEEE (Inst Elec Electron Engr). Trans Microwave
Theory Tech. v MTT-22. Apr 1974 p 438 444 Prepared n
coaperation with Wastinghouse Elec Corp . Baltimare

The measurement of brain temperature dunng moderate to
high ievel exposute to mictowave radiation was considered Banch
test studies of conventional temparatute transduceis n
mrerowave environments have demonstrated artifacts responsible
tor errors of several degrees cenugrade These hndings led to a
program for the development of systematic test procedures and
i deigh of slectrodes with artifact reduced to 0 Y C.

78-00008
TEMPERATURE DISTRIBUTIONS IN THE HUMAN THIGH.
PRODUCED BY INFRARED, HOT PACK IN MICROWAVE
APPLICATIONS
J F Lehmann. D R Siverman. B A Baum. N L Kirh. and V
C Johnston 1966 1 p rels Repr from Arch Phys Med
Rehabdl . v 47, 1966 p 291799

In this study it was found that dunng luminous heat, infrared,
and hot pack aspplication. bicod fow changes occurred in the
skin and subcutanecus ussues which cooled the superhcial tissue
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lavers An & result. the tempasstutes in the superhciel \1saue
lavers dropped v spite of the contmuous appicetion of the
modatties Thes tempetature drop occurred after an itisl eRpPOSLIe
of appronmately 10 menutes In 5pite of this coohng efiuct resuiting
rom an increase i bIDod Row the superhcial tiasue leyers wen
not cooled enough 10 Oow & thetspeutically eMecive me
the tempergture of deep tusues such a3 musculatuwre None of
the modshties nvestigated proved to he eMective s & deep
hoating agent There was no sgnificant ditfererce 1 the
temperature duinbutions itrespective of the technique of
spphcation ot the type of superhcial hesting modahty used A
statistically signihcant tifference n temperatute distnibutions
proguced by the superhcial heating modahties and by microwaves
{2488 mc and 900 mc) was found From the therapautic point
of iew. Microwaves operating at 2458 mc were not 30 effective
" heating muscalstu’e as were MiCIOwaves Operating at the
trequeancy of 900 mc

70-00000

SFPECY OF MICROWAVES ON CARDIAC ANYTNM OF
::'o.n.m ODURING LOCAL IRRADIATION OF BODY
N A Lewtina 1984 Y p Repr hom Byull Ekspenm Bwl
Med . v 38 1984 p 87 89

78-00100

POWER DEPORITION 1N A SPHERICAL MODEL OF MAN
EXPOSED TO 1.20MMN: ELECTROMAGNETIC FIELDS

J € Ln A W Guy (Weshington Univ  Seattie). and € C
Johnson (Utah Univ  Salt Lake City} Dec 1973 1 p  Repr
trom 1EEE Trans Microwave Theary and Tech v MTT 21 Dec
1973 p 791 797 Presented ot IEEE Intern Microwave Symp
Bouvider Colo 4.6 Jun 1973

1Contract F41609 73-C 0002 Grant GM 16436)

(HEW 16 P 56160 11}

76-00101 Washington Univ  Sesttie Dept of Rehabd
Med
MICROWAVE SELECTIVE BRAIN MNEATING
James C Lin Arthur W Guy and George H Kraft 1974 1 p
Repr  fram J Micrawave Power v 8 no 3.4 1923
p 275 286

Microwave induced heating patterns in mammalhan brains
were studied using spherical models through theory and
expenment Differential absarption by vanous portions of the
Lo produced local hyperthermia  Though miciowave heating
18 antramely rapid the precise temperature 1se depends on the
ntensity of incideiit Cathation and the duration of eaposure
Prehiminary amime. (Cat) wxperiments indicate that a temperatiie
of 43 C s atta-~* > 90 s without hssue damage. suggesting

the possibiity ~ . 'y mCrowa lerential hyperthermia as
an adjunct v < corngtls ther ™ o brgin cancer
78-00103 ¢

THE EFEECY ¢/ ELECTROMAGNETIC FIZLDS ON THE
BIOELECTRIC ACTIVITY OF CEREDARAL CORTEX IN
RABRITS

M N Livanov A B Tsypin. Yu G Grigoryev. V G Krushchev.
S M Stepanov. and V M Ananye; 1960 1 p Rept from
Bl Eksp Bioi Med (USSR). no 49 1960 p 63 67

78-00103

THE EFFECY OF RADIO-FRAEQUENCY ELECTP” "*AGNETIC
FIELDS IM THE 197 AND 188 " : RANC IN THE
CONDITIONED REFLEXE® =~ 2% :alS

Ye A Llobanova and A vV . wnatova -3aB 1 p  Repr
tromr Gig Tr Prot Zabol (USSRL no 3. 1968 p 76-80

78-00104

CHANGES IN CONDITIONED-REFLEX ACTIVITY OF
ANIMALS DUE TO EXPOSURE TO MICROW“ VES OF
VARIOUS FREQUENCY RANGES

Ye A Lobanova 1964 1V p Repr from Gig ¥r AMN
SSSR (USSR}, no 2. 1964 p 13-'9

75-00108

CHANGE N HGHER NERVOUS ACTWVITY AND
INTERNEURON CONNREGCTIONS 1IN THE CRRESAAL
CORTER Ov ANNSALS UKDER THE INFLUEBNCE OF UNP
Yo A Lobanov: std M S Tolgskaya 1960 1 p Repr from
Tt G Tt Prol AMN SSSR (USSR). no 1. 1960 p 89 74

75-00108

wmcn EPPELTE OF RF SLECTRAOMAGNETIC
]

K Matha 1963 1 p Repr hom Pracovni Lekarstvi, Prague

15 (Crechuriovakie). 1983 p 387 393

78.0010?
NEUROPHYSIOLOGICAL EFFECT OF J3.cm MICROWAVE
RADIATION
R D McAtes 1981 1 p res Repr ttom Am J Physol.
v 200 nuo 2 1981 p 192 194

Neutophysiologicst  effects from  loucally aspphed 3-cm
miciowave inadiation were Jdemonstrated on decersbrate and
anesthetized cats and shown 1o be the result of thermat simulation
ol penipheral sensoty nerve hbers The penetrating charactenste
of Jcm radigtion hests these hbers within the skin and
subcutaneous tissue to 45 . or - 2 C st which temperaturs a
noLiceptive response was ehcited from the expetimental animals
The irradhation was apghed to small areas of skin or shart sechions
of netve trunks tich in sensory fibets and the nociceptive response
obtained was quite difterent from the signs of a hypertherma!
state seen during whole body miciowave irrachation

78.00108
THRESHOLDS FOR LENTICULAR DAMAGE IN THE RABDIT
EVE DUR TO SINGLE EXPOSURE TO CW MICROWAVE
RADIATION: AN ANALYSIS OF THE EXPERIMENTAL
INFORMATION AT A FREQUENCY OF 2.48 G2
Oonald J McRee Dac 1971 1 p Repr from Health Phys
(N lieland) v 21 Dec 1971 p 763 789

This wourk prasents a review of the iterature as regards to
the power and tine thresholds for opacity formation in the aye
due to continuous  mictowave  radiation  Temperature
measurements the vitreous humar were used to develop an
analytical mode' wusing basic principles and expenimaentaily
determinad rate constants) which predicts the power and time
thresholds for 8 frequency of 245 GHz Although this model
was hat extended to ather frequencies. it provides a context i
which a genetal analytical model can be daveloped when more
tempergture duta become available Two sminnical equations waere
dernved which predict the power and time thresholds as a function
of trequency

78.00109

EFFECTS OF EXPOSURE TO MICROWAVES: PROBLEMS
ARD PERSPECTIVES

S M Michaelson 1974 | p  Hepr from Environ Health
Perspectives. 8 p 133 156

76-00110

STANDARDS FOR PROTECTION OF PERSONNEL AGAINST
NON-IONIZING RADIATION

S M Michasison 1974 1 p  Repr from Am Indust Hyg
Ass J 3% p 766 784

78-00111 Rochester Univ.. NY.  Dept of Radiauion Biology
and Bwphysics

RELEVANCY OF EXPERIMENTAL STUDIES OF
MICROWAVE INDUCED CATARACTS TO MAN

S M Michssison 1972 t p Sponsored by AEC

{UR 3430-103)

An extensive htergture review is presented of studies which
have attempted to assess the relationship of emxposure to
mictowaves and the subsequent developmant of cataracts The
studies include numerous investigations n amimals and several
survays among human populatiens On the basis of these
studies the following conclusions ate made (1) Thy estimated
exposure lavels with which chrically significant cataracts have
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been associsted have generelly been quite hgh end wel sbuve
100 mW 'sg cm 12) in genetal the stuthas are only quehtative
end do not geve any relahon between the ectual power level
nd patholugy 13) The indivutuais studved m the surveys could
have been expused tu onumg tathetion wnt 8 wel e
mictowaves  (4) The heaith harard possd by the possiwity of
mcrowave nduced cetarsct formetion would appeer MNot
becauss the powet densitis requited for apecthcaton are seven
10 ;ight imas the manimum petmissible saposute level suggested
tor human exposute (10 mW sq cm)

78-00%12  Rochester Univ NY  Dept of Rachuton Biwology
and Grophyswcs
THERMAL EPFECTS OF SINGLE AND REPEATED
SXPOSURES TO MICROWAVES
S M Michasison Oct 1973 1 oy Presented at the Intern
Symp on Bhal Eftects and Hea'th Hazards of Mictowave Padhation
Warsaw. 18 Oct 1973
(UR 3490 317 Con! 721042 )

Thermal eMects of wngle and repeated eap ® to mwe
with respect to threshold phenomena and physiologreal adaptatron
are reported  Threshold response was noted in rabiits exposed
to 245 540 823 and 1008 GH2z mictowaves localized to
the eye 8t powe' dansity -time Jutations suticient to 1esult n
opacities Adaptive resctions were nated in the dog. rabixt and
rat For enample repeatet whole body eaposure of dogs to
2088 (iHr and 1285 MH; pulsed microwaves at powar
densities hom 20 to 168 mW ag cm. | ta 6§ hours per day foe
2 10 4 weeks showed thermal adaptation of acchmatization as
reflected by diminished temperatute response as the eaposutes
continued Rats repeatedly wapused to 2 45 GHz pulsed reveat
adaptive teaction uf functional changes Acetylicholine levels in
the blood of rabbis and functional changes such as artenal
pressute altwrations 0 rabints also shows the phenomunon ot
adaptation as a result of ispested exposutes to thermogenic
tevels of mictowdves The use of these studies as a mwans of
engmining some fundamental aspects of thermoregulation
acchmatizatiun or adaptation and interrelated cardiovascular
iochemical and neuroandocnine functions 1s suggested

75-0011)
THE INFLUENCE 0" MICROWAVES ON 10NI2ING
RADIATION EXPOSURE
S M Mchaeison, R A £ Thomson L T Odland. and J W
Howland Feb 1963 Y p refs Repr from Aetospace Med v
34 Feb 1963 p 111 118

The eftectiveness o1 practicality of mictowave exposure as
a method for snhancement of recovery and -of protection asgainst
radiation can only be inferred from the data presanted The resuits
suggest that additional work should be done to evaluate the
potential uf this procedure in counteracting ot minimizing the
eftects of romaing radation Varous time intensity factors of
wonizing radation frequancy power level pulse height and width
interretationships for microwave radiation as well as intervals
hetween exposures of these two energies shouid be co aidered
n suen investigetions 2800 MHz. PW (prt 360. pu' . width
2 miwcrosecondst. 100 165 mW 'sq cm. dogs. MWi. - X ray
(250kV. 2 R /min} Results are reported from studies .n ags on
the eftect of microwave exposure on response to vmaing t.digtion
Irradiation with 25000 R resulted 1n death within 24 hr .n 2 of
10 dogs with a previvus history of microwave exposure Nine
of 10 normal rradiated dogs died in the same panodt Neurological
marifestations wete 19ss severs in the mictowave treated dogs
Tha resulls suggest that the possibility of using microwasve
treatment to counteract ot minimize the effects of 1onizing radishon
should ba exploted

76-00114
EFFECTS OF ELECTROMAGNETIC RADIATIONS ON
PHYSIOLOGIC RESPONSES
S M Mihaelson. R A E Thomson, and W J Quinlan  Mar
1967 1 p refs Repr from Aerospace Mea. v 38 Mas
1967 p 293 298

Studies were performed on ogs exposed to 1240 Mc /sec
pulsed rmicrowaves. at a field intensity of 50 mW!/sq cm. uix

hours pet day for twe commcutive dayt Some dugs wih
sdditional snposutes were included For cumpanson dogs
previously wiadhated wah 1000 kVp X rays (50 R/mm) st to
the wholebody (300 R) upper body 11900 A) or (wwer body
1800 R) wete eapoeed v waves W & ot mahna
Alterationa 1 cardvepuimonary thyroxd and etythiop funchion
of notmel dugs end grester sensitinty of X wnrechated doge to
mictowaven are noted in genatal. these studwa ndcate that
repuated exposure to 1240 Mc /sec mcrowaves st $0 mW /sq
cm, can produce functwonal changen i the dug wheh f
extrgpolated to man would be wndcative of homeostate
imuthciency and decrement i performance capability sven though
overt .ncapacitaton may not 1ahe place Whether thermal
nonthermal. ot both of these ste the conthbuting factors o the
1e3pPONSE 10 MICIOWAVE exposute. thate are suthcient sapenments!
and human survey svidence (o nwhcate that mKiowave sxposute
sults v alterations W compensetoly  end homechinatc
mechamsms of the body The effect ul M rowave saposite at
50 mW/sq ¢m wn the notmal animat should alent us 0 the
caution that hay to be wrertwd when any CONSRKINIONON 1§ Qiven
tu tasing the p ty pred Jm pe ble eaposure
of 10 mW /aq cm

78-00118

ENODOCRINE REACTIONS AND CHANGES IN ENDOCRING
GLANDS UNDER INFLUENCE OF MICROWAVES

H Mikolaiceyk 1972 Y p Repr from Med Lotces (Polend),
no 39 1972 p 39 %

On ths base of modern concept of sndoching system, the
aftect of mcrowaves on hurmonat reachhons and changes n
endochine glands 18 discussed There exists & mathed thetmic
sHect of microwaves on the uhdocnng system. while still tack
vahd ubiservations concerung occutrence of hormonal changes
unider iInfluence of nonthermic doses of me aves The sympt
of shght thyroud hypotunction were shown. probably these
symptoms gte due 0 dysfunction of the hypophysis Changes i
cholinestetase activity 1in fluids and hissues wete also observed
Damaging sffect of mictowave wradidtion on gonads was also
ptoved. probably the pnmary place of action in this case seems
to et the hypothatamus hypophysis system

78-00118
SURVIVAL PERIODS oF NOAMAL AND
HYDROPHYSECTOMIZED RATE EXPOSED TO ACUTE
MICROWAVE IRRADIATION
H Mikolajczyk 1973 1 p Repr fiom Patol Polska (Warsaw).
v 24 1973 p 325 332

Nwurmal  (37).  hypophysectomuzed (18)  and  partally
hypophysactomued (18) rats wete exposed to lethal doses of
micowave radaton (2860 MKz 120 mW/sq cm) Penod of
survival it prime) was measured in minutes £ + or  1/2 minute)
It was found that the survival peniod 't pnmel In normal rats
was targely a function of body mass Iml The regression equations
for t pume m t pnme m 23 power and ¥ pnme m 3/4
power were of compatable values with inear or close to hnear
course There weie no sigivhicant differences between means of
absolute survival penods between normal rats hypophysectomued
ot partially hypophysectomized rats Survival panod per unit of
body weight (t pnme,/ 10 X m. t pume X m 2 /3rds power and
i pume X 10 3/4th powerl was significantly longer n
hypophysectomued rats than n parhatly hypophysectomued
and /or normal ats  Corrslations between t prime m. t pnime
m 2/3ids power. and t purne m 3/4th power were positive
and highly significant in normal rats Thers wate no such
corralations in hypophysectomized rats The results indicate that
hypophysactomy diminished the sensitivity of rats to acute effects
of rictowaves Rt also seems that thermal effect 0 microwaves
depands not only on the sue of body surface and of body mass.
but alsa on ganeral metabolic tate in tissues

78-00V17  Rochestet Unv NY  Dept of Radation Buwlogy
and Buophysics

BIOLOGICAL EFFECTA OF MICROWAVE RADIATION
Witkam C Milroy and Sol M Michasison Jun 1970 1 p
Repr  from Health Phys (N lreland). v 20. Jun 1971
p 567 575
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C Whivoy ond 8 M Wichaslosn Jan 1972 t p Mg

from Agrospace Med . v &) Jon V872 8778
Concorn weth the posable hererds of exposuwre to
CIOWEve 13diton has Hicently Been en the e Legmiston
te protect the pubc trom Ra2erdous SRROIWIS 10 MICIOWEVES
has been onected and even sincier CONtisly Nove boan HIOPILG
been conndared one of the mest seneawe
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STUOHS OF VISCERAL LESIONRE OABENRVED th ICE AND
T8 ERPOGED TO UNE WAVES. A PARTICULAR STUDY

T™E LFPECTS OF THEGE WAWE ON TS
AEPRODUCTION OF THESE ANWMALS
L Miro. R Loutrere and A Phater 1988 1\ p Repr from
Rev Med Astonaut ‘Paun) v 4 1985 p 3739

Rats wete oxposed to ultrashort waves (10 cm waves of

3108 MMz - or 18 MMz frequency) for 190 300, and 480
hours The srumals suMtered no WMl effucts of genetdl anatomy
nat of physwology when there wat 3 maans of shminating the
heat formed in the body trom the electtomagnatic transformation
of energy The specthc effects of ulttashort waves on gonad
stiucture and reproductive function wete investigated in mice
and rats The waves had no advarse effect on ether gongd
structure or reproductive ‘unction

78-00120

HEAT STRESS DUE TO AF RADIATION

Witham Walden Mumtard Nuv 1969 1 p  Repr hom Proc
WEEE v 57 no 2 Feb 1989 p 121179

The radhation protection guide (RPG) number of 10 mW /3q cm
15 generally accepted for nirmal environmental conditons  For
conthtions of modarate 1o severe heatl stress. the gudde number
shouid be appropriately reduced A propasal to teduce the guide
number one MW /sq cm for avery temparature humidity-inden
(THI point above 70 (until | MW /sq cm 1y reached) » examinad
in tarms of heat stress

78-00121
OBSERVATIONS ON MICROWAVE HAZARDS YO USAY
PERSONNEL
L T Odland Jul 1972 1V p Reprt hom J Occup Med.
v 14 Jul 1972 p 844 547

Microwavs Injuty expenences and posubie p tal harards
ot MICIOwave SapOSuUres t0 MICTOWAve OpRIators ale considered
i an stitempl to assess the valithty of present USAF exposure
safety himis  Particular attention s Qiven 10 the ncidence of
cataract in mambers of USAF p el exposed (o
radhation It s poted out that the present 10 mW/sq cm exposure
lmit may be subject to a future revision when warranted by
new evidence It 13 dlsu indicated that the eye = not the most
vuinerable organ and that the use of cataract development &s a
catenon of microwave damage 13 condtwongl

76-00122

CLUINICAL ASPRCTS OF MENTAL DISORDERS FOLLOWAING
IXPOSURE T0 SUPER-NIGN FREQUENCY
SLECTROMAGNETIC WAVES

T N Ordove 1971 1 p Presented in Cargbral Mechansms of
Mental liness (Kazan) p 18-18

OUCUPATIONAL NHYDNINE AND THE OrMeCT OF
AADIO-PREQUERSY SLECTROMAGHETIC FIGLOE ON

"e
Yu A Oupov Medwung Press. Larwvgrod 19408 1 p

3

i
T™ME EFFRCT OF VHE-NE  UNDER
CONDIMONS

Yu A Oupov 1882 1t p Repr hom Gig Sent (USSA)
n G 1982 p 22.2)

75-00100
GFPRCT om mmu';ut ORDER OF Ct AND W

J Pavderova Dec 1980 V1 p  Rapr from Prac Lok
{Cruchosiovakisl. v 20. Dec 1988 p 447-487

The bwologreal hazard contnbited by rcrowave itradiston
n evaluated and the pathologcal effects of mucrowsves on
personnel working withun cicse range of electrostatic heids awe

wradiaton on hvig organisms dunng chrome
reviewed A cnhical wvaluation of mazitnum permissdis levels of
avCrowdve radwation SRPOSUTS 13 Qven

75-00127

THE HEALTH CONDITION IN WORRERS EXPOSED FON
A LONG PERIOD TO THE SLECTROMAGNETIC RADIATION
i:.:rl ULTRA SKORT WAVE FREQUENCY BAND (30-300

Jana Parderova. Vera Bryndova. Jan John. Edgar Lukas. Marcels
Nemcova, und Jan. 2ubnk 1971 1 p Repr. from Prac Lek
(Crechosiovaiua). v 23. no 6. 1971 p 208-27%

Altogether 58 television transmitting station employeas
49 men and 9 . Wete d The mean age was
32 ' years and the mean perod of employmant 7 2 years. The
fraquency band of the transmitters was 48.8-230 Mi». tw mesn
intensity of the electromagnetic heid 2.9 V/m, SO 04 and range
092 The mean value of wradiaton for 1 worlong day. Le. the
sum of the held intansity in V/m and penod of imadiation expressed
n hr was 307. SD 38 and range 8.5-97.1. The error wt the
measurement methode 1s stated 30K The heaith condition was
sssensed on the bamis of cass hwstary and the results of the
following examwnations ECG. X-ray of the heart and lunga. BSR
(blood sadimentation rate) unne analysis. kver tests, BWR (body
weight ratol and gynecological examinstion of women.
Exammnations compared and statistically evelusied weh the
control groups wers  blood pressuro. blood picture, Ikuding
thiombocytes. protesn spectrum, glycemc curve. apithalnologe
araminaton. neurologec. psychistne and  paychologic
sasmunstions No ugne of demege by slectromagnetic radisthion
were found In the ishoratory results. the mesn valuss of plsame
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rahation eapoaue can nut be eactuded  The resuits of the other
et ngbons thd not fter Jrm the contint growps

1000120 Misaoun Uniy  Columing  Enveonmentsl Heelth
Center
NEALTH SUAVEILLANCE OF NICROWAVE KAZARDS
Chatles M Ponslt atad Vermon £ Rose 1820 Y p Bepr hom
Amet tnd dyg An 2 v 3T no Y 1970 5 358 367

Since the varly 1940 s industiigt use of elm ot egupment
that souls slectiomagete. sneigy it the nuctomave tegon has
reased Convutient with this growth i the deysiopiment of
date OF the Doloyn al efects of this foerm of redhant chergy snd
the estabinhmant of eposute 1tene Varous keal state  and
foderal NEAITH Programs atid sutvey W hingques atdd instrumentation
arg revewed  Standardiiation sW curvey techingues s suggesied
and ecommendations are presentsd togar g Tuture acthivites
opstablishimeny where persons may be potent gty etpused to
miciowaves lom ovens ant athe: vommeroal et industna)
.4 ey of eneigy

78 002
THE SPFECT OF MICROWAVES O LIVING ORGANISMS
AND DIOLOG!CAL STRUCTURED
A S Preaman 1983 1 5 Repr hum Usp Fu Nauk (USSR
no 86 1965 p 263 302

Review 0! thane Mu1owave twingy sapsiiments that aie
convderst 10 be of particuldt nterest G physeosts  descided
A 3% 1o be anteliigdle to nontholgats The absopton of
PUCOvwaves Dy the tiasuns OF Hving Organisma s consuimiesg unbe
A asges tn snetgy Josams due 10 WD conduthivity and dielecttn
ases due 10 poldrzation elasation m watet molecuies  The
osimelry of mucrowdves bt the evaluation of thee eHects on
hamans and arnimaly s discussedd  The reactions of human
WTATISTS TO o ntensity Mucrowaves dmnd the reactions of ammal
wrganismy W0 Mo rowaves of 2l mtehubies Mo consviered The
Changes caust! by M tOwaves 1Y Stimgl HaN0es and argamisimy
ate iscussed The celluim andd moleculat ettects of vlectromagivetya
rechation of ail wavelengths are consiwred

78-00130

NONTHERMAL ACTION OF MICRO'GAVES ON THE HEARY
RATE OF ANIMALS ' ACTION F CONTINUOUS
MICROWAVES

A S Presman g N A Lewiting 1962 T g Repr bum
Byult Exspen Buot s Med no Y 1962 p 41 34

75-001 31

NONTHERMAL ACTION OF MICROWAVES ON THL MEARY
RATE OF ANIMALS 2 ACTION OF PULSED
MICROWAVES

A S Presman and N A Leviting 1962 1 p  Repr thom
Byull Ekspanm B0l Med no 2 1952 p )9 42

76-00V32 School of Asraspace Madwine. Biooks AFB Ten
POSSIBLE CATARACTOGRNMIC EFFECTS OF
RADIOFREQUENCY RADIATION
D R Reder D L Epston. and J H Ktk Aug 197 1V p
(AD 730922 SAM Review 3 71. SAM TR 71 24

Use of the electromagnenc spectium fai man s benefit has
mcreased tremandously Howsver the complate understanding
of its potential and rvat hwologie harards has faded to huep
pace The present threshold binit value tor microwaves s the
suhject of much debate The eye and lens were damaged by
mictowaves sxpenmantally. but the mechanism ol damage o &
vet unexplainad A prehminary study was performed uning ratho
fraquency esposure ahrl thesus monkeys No catdtacts wore
formed at 3 frequancy of 1927 MHz Prablems invalved 0
tuture radio hrequency studhes dnd areas which requee further
studies  are discussed

75-00133

PROTECTION OF PERSONNEL EXPOSED TO RADAR
MICROWAVES

F Sacchielh and G Sacchielth 1980 Y p Repr trom Fola
Med (Naples) v 43 1960 p 1219 1229

70 0034
CLINICAL PICTURE OF 'NE CHRONIC grrECTS OF
LECTROMASNE NC MICROWAVE S

N M Sakhihovea and A A Ovova 1988 \ p  Repr hom
Indunt Hyg Oucupst Do (USSR v 2 1950 o 8 22

000108
THE THAE CONGTANTS OF PEARL CHAIN FORMATION
M Seto and U P Schwan 1981 t p efs Rept from the
Prov of the Fourth Tn Servae Cont on Bwi £ Mecty of Microweve
Rahatron 198 p 85 97  Presented at the &th T Servce
Cont un Bt EHects of Microwave Rgdhation

As the resuith of the mvestigetions made on the tranvent
behavior of the pestt cham fgimahon it s conclpden thet (Y
The hme constants mvolved i the peatl cham formeton ate of
the orler o @ seund e the retus of T macton and they are
proputtianal to the cybe of the rathuy 12) The hime contants
are not sttongly  deperddent on the hekd mtensity when ot o
small e they arv nwntasly propothonal to the sguate of the
fht itensty when it w lerge 13) For particies o seversl mcrons
o1 ol targer ures thy time constents hecome 38 lige 83 huivdreds
ul ecomty 141 The pubed epphed hetd s &0 etlactive as »
wapectnd B s rmos value tor asuat radat systems 15 The
herarths tue 10 hegi b ume pronounced tefore the held intenaity
% large encugh tur the peatt cham te form of the parteie swe o
inss than 10 mwrons

79-00938
ALTEANATING CURAENT FIZLD INDUCERD FORCES AND
THEIR BIOLOGICAL WMIPLICATIONS
H P Schwan ang L D Sher 1969 VY p 1eh Repr hom J
Electrochem Soo vV 118 19689 p V70

Steaty state feld induced forces on partiches of MCIONoOPC
see heconw sgiihcant at held strength vavues of the order of
100 v .cm They nclude peant chan fimaton 1e the alignment
of partucies i the direchon of the imposed hekl. and the onentatn
ol nonsphencal partc'es The tme constant. which describes
the wpeed uf thase phenomena depands on leid strength. and
patticle and other parameten. For pulsed hekis a lower levet of
apphed average power cen suifice to cvoke the phenomena
mantroned Bwlogwal implwatwons inglude the possiuity of
nohthermal effects of thotogwal sigvihcancy

78.00V%Y
INDUCED FIZLDS AND NEATING WATHIN A CRANIAL
STRUCTURE IRRADIATED BY AN ELECTROMAGNETIC
PLANE WAVE
A R Shapto R F Lutomushy and H T Yura Y921 1 p
refs  Repr from (EEE Triansactwons. v MTT19 no 2. 197
p 187 196

The mduced fieids and the statc haating patterns withay &
multilaymed sphoncal model that appronimates the ptimate cramal
structue are catculated The model was haated by plane waves
N the mwiowave specttum  The relaton of the model to the
rologcat structure and the sansittvity of the results to the
uncertamties n the dimensions and electncal propertes of
wotogrcal matenal are investigated A method of solutvon for
both the scattered and the wntenor heids for 3 sphere with an
atbittary number of electngally different concentrc fayers s
teveloped 1 a formn reddhily arnenably 1o maching computation
1t 1 shown that the semi inhnite slab model & inappropnate for
calculating the mcrtowave radation dosage for the human head
and semilar structutes

75-00138
HEALTR SUAVEILLANCE oF PERSONNEL
OCCUPATIONALLY EXPOSED TO MICROWAVES. 3: LENS
TRANSLUCENCY
M Siehmrzynsk, P Crarski, A Gidynsk. S Zydeck, C Cranecke.
E Douk and W Jeduecsak 1974 Y p Repr trom Astospace
Med v 45 no 10 1974 p 1148 1148

The mcidence of lenticulat opacitices was examined n
841 microwave workers with histones of vanous penods of
occupational exposute 8t 2 W;sqg m 10 60 W/sq m
{S07 nchwidualc) or st helow 2 W/sq m (334 \ndhviduals) The
mewlence of lenticular opacities was compared betwesn both
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Crariattd Sdvermann 18973 ) p Repr om Am J Epniemiot
v 7. ne 4 1873 p 219224

The hagith imphcatony or harards of emxposure to non
OMMING IICTOWaVE tRhaton Must Be known to develop protective
stonderds and guides. on a hrm. wologe; Bass A tevew s
matde of 9aposed Wwotkers with respect to hntngs of a neurologc
or Sohaworal chatacter Chnicdl studwes (9) of groups employed

wellgbiny., dRaness. 1088 Of apPPHINE. HeapPNets. Tweathing

Wt CONCOMIBLION O/ MAMOTY. dEDIEason Smotonal
weisbeiny. dermographam. thyrowd gland eniargement. and tremor
ol emended Htngonn  They are regarded a3 typcd!
mcrowgve-wduced functonal dwturbances of the CNS and aie
cafed the neursathame o athend syndrome The hequency and
sevbrty of chcal wgnes wncreass with long tetm Sxposure The
chivest gy virofmas. But Ot NecesIaty the EEG changm. are
gontily reversbie wath tempotary (or permanent! removel from
wok snd wnth symplomatc and Qenersl suppottive treatment

79-00142
CHANGES IN RESPIRATION. PULSE RATE AND GENERAL
SLOOD PRRSSURE DURING IRRADIATION OF ANIMALE

WATH S0P-UN>

A G Subbota 1987 tp Mepr trom Tt Voyenno Med
Akdd 1 Kerow (USSR v 73 1957 p 111 11§

76-00%43

THE EFFECY OF PULBED SHF-UNF ZUACTROMAGNETIC
FIELDS ON THE HIONER NERVOUS ACTIVITY OF DOGS
A G Subbow 1988 1 p Repr from Bl Eksp Bl Med
(USSR). no 48. 1988 p 8381

76-001404
) u.guw OF INTERNATIONAL MICROWAVE EXPOSURE
auibie
J R Swamson. V € Mose. and C N Powell Oct 1970 1 p

S Tohsatwmg 1000 ' p rofs Agpr hom EEE Trane B0 Wed

The effect of radw frequency slecinge helth on varews

R A Tokt Feb 1972 V' p

8 208023)
A gusde o several dosmeine teChvgues uaed 10 Study enetgy
haotpt Dok | " P d A detmied accoumt

15 given of the calculationa! concepts. gathared om the hterature
wivch ate used to detunuwne the degres of powe: abeorpton
within such hisaus tystems as well &t the apatwsl dutnbuton of
thes ataotbed dose as heat and consequenity. the twsue
temparatute elevations winch may be eapenenced n the model
Both a Qraphec anaivtic tachinvdue uning the Sawth enant andt »
mathematical denvatron of the appPropnale CoOMputing imulas
are given Adeguate dervation o! the approphate computing
formulas ate given

78-00147
MODIFICATION OF X.-IRRADIATION LETHALITY IN MICE
8Y MICROWAVES (RADAR)
R AE Thomson. S M Mchasison, and V W Howland Ape
1965 t p ehs Repr tom Radhaton Raz. no 24. Apr 1988
p 831 83

Protreatinent of mice with micruwave alters the lethal
response 10 ¥ (Adkaton Mean survivil e of ictowave-treated
ymals g ven wonang rachation  longer than that for amimals
not subpcted t0 microwaves Alteration of reapoONse 10 WMNNG
108hation njuly by MICrowave treatment has row baen observed
n thrae specwes ol expenmentst prwmals doge. tats and mice
Microwave sxposute (whole body) was of theee types (2000 MMz,
puised wave. 100 mW /sq cm!} (1) singie sxposure of 10 menutes
rackation. (2) dady saposures of 10 min for » total of 14 days.
and (J) continued exposurte untd approzimately 30% of the
arvmals being exposed dwd Total X-vrsdwton (280 av)
sdmirustored was 700. 800 of 90O R

78-00140
MICROWAVE RADIATION AND ITS EFFECT ON RESPONSE
TO X-RADIATION
R A C Thomion. S M Mchasieon, and J W Howisnd Mar
1967 1 p rels Repr trom Aerospace Med. ro 38 M
1967 p 252-288

Dogs wels oexposed 0 UMUNANAOUS  ITNCTOWAVE
(2000 Mcycles/sec. 100 mW /aq cm) and N-ray (230 RVP.
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changes
testmant can madily the respome o R wredhaton
s oext appeats 1piated 10 the AN M CIOWave SagUtute
ehon O MUEOWIVE SAPORUE HICHE TMPItatuIe rLPBNW.
tme wiervdl Betore X wiathatoh, totgl X wradhthen ong. R tay
dooe 'atle Moditcatwn of wnwmg raduton nputy at the
heriatopoeetic igvel v wdwoted

-0

MOAPHOLOUICAL CHANGES N EXPIRIMENTAL
ANIMALS UNDER THE WIPLUSNGCE OF PULIED AND
CONTINUVOUS WAVE SKE.UHE RADIATION

M S Togeays. 2 V Gerdon. ond Yo A Lobenowa 1900
''p Mep hom T Qg Tt Prel AMN S8SR (USSR no .
1990 p 90N

70-00'00

CHANGE W THE NRUROGECAITORY FUNCTION OF TR
WYPOTHALANMUS AND THE NIVRO-MTIUVITARY S0DY
DURING CHACIIC MMAADIATION WITH CENTWETER
WAVES OF LOW NTEROITY

M S Toasyaand 2 V Gwdon 1988 ' p Presented wn The
Swlopcsi Elect of Rede Fraquency Feids  Works of the Lab
of Ratha-Frequency Elactiomagnete Fiside. inat of Work

and Occupstonat Dvasases. AMN SSSR Moscow. o 07 97
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1 75-0018Y

g = CHANGE W TIE BLOOD OF ANMALLS SUBJECTED TO
A SNE.UNE PELD

N V Tyagn 1987 ' p Mept tom Voyero Med Aked
Kirow (Lerwngrad) v 73 \!‘7 p VG128

o g

g

1-00'82

ELRCTROCARDIOGRAM CHANGES 1N DOGS AFFECTED
AV SHE-UNP SLECTROMAGNETIC PIELDS

N V Tyagm 1987 ' o Repr hom Voyennd Mod Ak
Kwov iUSSR) v 73 V957 p 8410V

. g

75-00183

20PECT OF HIGN-FREQUENCY BLECTROMAGNETIC FIBLD
UPON HATMOPOMTIC STEM CELLS 1 MICE

D R A Vacer 1970 Y p Repr (rom Foka Bwolopcs {Prague),
v 18 1972 p 292 2W?

70- 00188  Novd) Medcel Nesearch inst  Bathewda. Md
EXAMINATION OF THE CORNEA. FOLLOWING EXPOSURE
TO MICROWAVE RADIATION
R J Wihamy and € D Finch Apr 1374 VY p  Repr tom
Aeroapace Med . v 45 Apr 1974 p 333388

This stutly was deugned to detect gRenhons in the corneds
ol rabimts “aused by multiple eaposunt to ether 2450 MM
continuo s wave ot 2860 MKz pulsed tadhation al an average
power held denuty of 225 mW /sq cm  Hematoxyln and eosin
staned 33Chons Of COMeas wete sxamived In some cates. the
pattern of tntated thymidne uplake nto corneal celis was
evaluzted by autorsdiography Radiston thd not appear to
nfivence the normal comea o the haaling proceis in the wounded
cornes

Mk

—ey

78-00188

ON THE QUESTION OF CONDITIONED CARDIAC
REFLERES., THE FUNCTIONAL AND MORPNOLOGICAL
STATE OF COATICAL NEURONG UNDER THE EPFECT OF
SUPERMNIGH FREGUENCY ELECTROMAGNETIC FiELDS
M | Vahovieva T P Shiyatec and | P Tavatkova 1968 1 p
fepr from Zh Vysshe: Nervor Devateinost: (USSR no 18. 1968
p 973978

nt?

aﬂ‘“ Areved Forces Radwitnoiogy Aesserch it . Bethesds.

GAMMA - AMIBOBUTYRIC ACID METASOLNM N RATS
FOLLOWING WNCROWAVE EXPOBUM
G N Jeman R L Oaput. 7 N Glarer and L C Garshevan
1974 t p fAepe ftom J Muroweve Power v B re 3/4,
1973 p 213 2V8

The metabolam of the wiwdrory  NeWSRIBnaRWIIe
smwrwbutytc aced (GABA). was stuhau wn tats ciWOnally sapoesd
10 2 38 GHe rwcrowaves at on incrlent powe: fevel of 10 mW /vy
oM o Bcuiely epueed 10 ncudent powar fevels o! 40 e
B0 mW /sy cm No chenges occutted w whale bran GABA levels
Ot o e ity of the entyme winch wynthesres GABA, L.
ghitamaete decerboryisse. followng thtve erposures  Resuity
wedrcate that brawn GABA metasbolem wes not aected by enposvts
0 mctowave rethaton
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Section 3.
ULTRASOUND: Doocuments of Major impertance

i o o AL A

THE SPPECTS OF HIDUSTIMAL AVMBORNE ULTRASOUNS
0N WMmANS

W L Acon 1974 1 g fepr om Unrasoncs (Englend).

v 12 1074 » 124 \28
Physditgedl thects 'auivig hra YW SRpOVUIS
of small orirvtis t0 Witesaund cannot Mo trenepessd drectly o
man There & no evidence of permanant Mologcel changes,
hourng 1038 ¢ & Rt of nerenal dUSIngl SRpoRIeS
W pute Virastund. athough 1Me SHects Mey OCCW 08 & feswlt
o caparimonisl labetuiery Sapotutes Tt lugh leveh of hwgh
toguency aullile sound whwh accommany many wduatie!
POCOINL. PORcUloy thast Draducing COWatOn, MaY Cause
welesment wulectve otiacts. wciuding headaches. nausee
whmtus. and possdly etipud n penons without heanng loas M

% 008

VATRALYONIC TECHINQUEE 1N BIOLOGBY AND MEDICING
Saat Bron. ed and D Gordon. o4 1987 1t p

(e 68 38N

n-onn
ULTRASOMIC ASSORPTION AND REFLECTION BY LUNG

F Ounnand W J Fry 1881 Y p  Vepr trom Phys med
Bl {England). v 8. 148) p 401

The acoushc reflachen and LAOPhoN coafhcunts of both
normal end dhasased (Proumonitis) 9aced g st {dog) were
enpenmontally deterrwned 8 a frequercy of 39U Mc/aee it
wit found that the physwolugel sahing-lung nterface refiacts
S0% of the vound anergy feting on it 31 nAormal ncdence The
acoustc ampiitude SDUOPUION cott:cent pot unit path length of
g e 2 47/cm The very gt aosomphon extwieted cen
B CapiNnad 83 Caued by 1ahBtON O aToushc ansigy by the
Bulpting PRPOUS struttures in the lung tasue The theory indcates
that the absomion costhcrent of hng trasus shouk! approach »
Mimmum gs the trequency 13 incisdsed above 1 Wc/sec and
shoyuld then wcredae at st vghet frequencies Tha desssed
lung axtubited an acoitic absorption coefhcent tpprommately
28% less then that of normpt tung specimeny

75-00%00

ULTRAGONIC THMRESHNOLD ODOSAQES POR TME
MAMMALIAN CENTRAL NEAVOUS SYSTEM

F Ouwand F J Fry Jut 197Y { p Mepr trom IEEE (inst
Etoc Elctron Engl Trana Bo-Mad Eng. v 18 Ju 1971
p 283288

7500141

ULTRABOUND: ANALYSIS AND EXPERIMENTAL
METHODS IN BIOLOBICAL RESEARCH

WJ Fiyand F Dunn 1982 1 p Rept tom Phys Tech in
Bl Res.v 4 p 281294

7%-00782

THE POSSISILIYY OF NAZARD IN MERICAL AND
HNOUSTIMAL APPLICATIONS OF ULTRASOUND

C R Mt 1880 VY p Repr rom Bt J Rackol (England).
v 4), 1988 p 881-38Y

4-00183

SIOLOGICAL EFFECTS OF ULTRASOUND

C R el 1872 \ p Rapr from Ultranomcs m Ohrucal Diagnoss,
ech § 1972 p 188178

76-00164
SAPRTY OF ULTRASOUND IN DIAGNOSIS

?’J.". 1974 V p Fracamed ot Tonoty Masting. Rachester,

N-0008 Rochester Univ . N Y Dept of Emetrical

&
FREQUENCY DEPENVENGCE OF THRRENCLES PO
ULTRASONIC PRODUCTION OF THEAMAL LTBIONG

nadrty frequency independint curves ot threshold dosages beyond
1-3 exposure. suggesting that thermael processes may be
predormnant for cuch exposutes

78-0018? No::\d Sureay of Standards. Boulder. Colo
[ 1 )

W L Nybarg 1985 Y p Repr trom Phys Acousthes. ' 23

78-00108  Buresu of R Health. Rockwiie. Md
INTERACTION OF UUIA.OUND AND BIDL0GICAL
TISSULS: WORKESHOP PROCIEDINGS

J M Rod od and M R Sikov. od  Sep 1872 1 p Proc
Weld at Seattle, §-11 Nov. 1971 Spomored by Batteile Memonal
tnat. NSF. FOA. PHS. and HEW

(DHEW /FAA-73-0008. BRN /OBE-73-1)

Vitrasound genstatng dewces have becoms increasingly
peaveiemt and diverse 0 recant years Their use s expected to
continue 1 grow. parhicularly in dwgnostic and therapeutic
apphcations. Athough thers has been an awiteness of the renge
of bo‘ogecal effects that can resuR from exposure to uitranound,
there 3 8 paucity of informanon that can be used to assses the
nsk of man's axposure to thi form of energy. This workshop
was held to prowde an ndhcation of the present tiate of knowiedgs
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in the aea of ultrasound oettects and to define a;eas in which
turther work needs 10 be done

76-00170  Guys Hospital Medicai School. London (Eng!and)
A STUDY OF THE PRODUCTION OF HEMONAHAGIC
INJURY AND PARAPLEGIA IN RAT SPINAL CORD BY
PULSED ULTRASOUND OF LOW MEGANERTZ
FREQUENCIES IN THE CONTEXT OF THE SAFETY fOR
CLINICAL USAGE
XK J W TaylorandJ B Pond 1972 1 p Repr from Bt J
Ratol (England). v 45 no 533. 1972 p 343-352

The spinal cords of adult rats ware nradiated with ultrasound
using peak intensities of 25 or SC V/sq cm at frequencies of
05 to 6 MHz Lelivery uf energy was pulsed to avoid thermal
effects In most expenmenss. 10 msec pulses were sepatatsd
bv intervals of 100 msec Such treatment *ssuited in paiaplegia
and or gross hamornrhage nto the cord The appearsnce of
hemorthage was a more consistert occurtence and was used to
compare the effects of uitrasound of varying parameters Damaging
abtiity was maximai at the lowest frequency employed (0 5 MMHz):
it decreased with increasing frequency to 5 MHz. at which
frequercy nether paraplsgia not hemorrhage could be
produced The same method was used 10 investigate the effects
of hypoxia when 1t was found that an artenal partial pressure
of 02 of 50 mm rendereu the tissue more vuinerable to ultrasonic
damage by a factor of 40% The effects of changing the duty
cycle were similarly investigated Hemaorrhage occurred whenever
an accumulated dose-time was recewvad which iime was
charactenstic of each frequancy and independent of the changeu
time-averaged intensity resuiting from the changed duty cycle

7800171
PHYSICAL PRINCIPLES OF ULTRASONIC DIAGNOSIS
P N T Wells 1969 1 p

75-00172
ULTRASONICS IN CLINICAL DIAGNOSIS
P N T Wells.ed 1972 1 p
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Section 4.

ULTRASOUND: General References

75-00173
A CRITERION FOR THE PREDICTION OF AUDITORY AND
SUBJECTIVE EFFECTS DUE TO AIR-DORNE NOISE FROM
ULTRASONIC SOURCES
W.1 Action 1988 1 p Repr from. Ann. Occup. Hyg. (England),
v 11, n0. 3 p 227-224

78-00174  Copenhagen Univ. {Denmark).

DIAGNOSTIC ULTRASOUND USID AS AN ALTERNATIVE
FG:! X-RAY ERAMINATION N PREGNANCY.
EXPERIMENTAL WORR ABOUY POSSIBLE TERATOGENIC
EFFECTS OF DIAGNOSTIC ULTRASOUND

Jens Bang 197' 1 p in DANISH Presentad at 3d Nordic
Radiation Protection Conf. Copenhagen, Denmark, 18 Auy
1971

{Cont-710847)

During the last 10 to 12 yrs. applicstion of uitrasonics for
dugnostic purposes in maedicine has incressed espacially in
obatetrics. In order to obtain qualitative and guantitative svaluation
1t was found reasonable to investigate the teratogenic effacts. if
any. of uitrasound with frequences equalling those apphed for
diagnostic purposes in comprehensive amimal expenmants. An
investigation including a little more than 6500 fetuses of mice
exposad to ultrasound of high effect was carned out Both
continuous and pulsed 2.26 MMz ultrasound were used in the
experiment.

78-00178

CHROMOSOME BREAKAGE AND ULTRASOUND

E Bovc. U. Abdulla. | Donald. J E E Flemming. A. J. Hall
and M A Ferguson-Smith 1971 1 p Repr from Bnt. Med
J. (England). v. 2. 1971 p 501-502

75-0017¢

SI0LOGICAL ACTION OF ULTRASOUND IN RELATION TO
THE CELL CYCLE

P R Clarke and C. R. Hil 1969 1 p Repr from Exp. Cell
Res. v 58 p 443.444

75-00177

PHYSICAL AND CHEMICAL ASPECTS OF ULTRASONIC
DISRUPTION OF CELLS

P. R Clarke and C R Hill 1970 1 p Repr. from J Acoust.
Soc Amer., v. 47 p 349.653

78-00178

SYNERGISM BETWEEN ULTRASOUND AND X-RAYS IN
TUMOUR THERAPY

P R Clarke. C. R. Hill. and K Adams 1970 1 p Repr from
8nt, J Radial. {England). v. 43 p 97-99

75-00179  Unwversity Coll . Cardiff (Wales).

QUANTITATIVE RELATIONSHIPS BETWEEN ULTRASONIC
CAVITATION AND EFFECTS UPON AMOEBAE AY 1 MMz
W. 7. Coakley. D. Hampton, and F. Dunn (lllinois Univ., Urbans!
Dec 197! 1 p Repr. from J Acoust. Soc. Amer., v. bu.
pt 2, Dec 1971 p 1546-1563 Sponsored by Med Res
Councit

78-00180

CHROMOSOME ABERRATIONS AFTER EXPOSURE YO
ULTRASOUND

W. T. Coskiey. D. E. Hughes. J. . Slade. and K. M Laurence
1971 1o Repr. from Brnt. Med J (Englandl, 1871
p 1109-1110
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75-00101

ULTRANIGN FREQUENCY ACOUSTIC WAVES IN LIGVIDS
AND TWHER ((NTERACTION WITH BIOLOGICAL
STRUCTUREN

F.Dunn end § A Mawley 1888 1 p

75-00192
u;nna:omc VISUALIZATION OFf LEFT VENTRICVULAR
D
R. Eggleton, C. Townsend. J. Herrick, G. Templaton, and J. Mitchel!
Jul. 1970 1 p Repr. from 1EEE (Inst. Elec. Electron. Eng.),
Trans. Sonics Ultrssonics, v. SU-17, no. 3, Jul. 19720
p 143.153

An u'trasonic system for visualizing the dynamics of the left
ventnicle was developed that utilizes s catheter-bome array of
four transducers spaced 90 degrees apart in a plane normal to
the axis of the catheter. The transducer (transceivers) are pulse
sequentiaily at the rate of 1000 /second snd the data are coliscted
over a period of about 8 seconds The cardiac cycle is arbitrarily
divided into 24 aqual increments or frames depicting the contour
of the left ventncle at vanous steges duting the cardiac cycle.
The display phass commaences upon complation of the dats
acquisition Compensation for the motion of the catheter within
the hesrt and determination of the sngular orientation of the
cathetar ip were major probiems that had to be desit with in
the development of this instrumentation. The fect that data are
not acquited in the same Order in which they can ba displayed
necessitates ths use of the computer for sorting and storage of
echo-ranging data. The resulting views of the inner wali of the
left ventricie are proving to be useful information. which should
lead to a botter understending of the dynamic events of the
cardiac cycle.

75-00'83

ULTRASOUND: PHYBICAL CMEMICAL AKD BIOLUGICAL
EFFECTS

t E EIPiner 1964 1 p

78-00184
EFFECT OF ULTRASBOUND ON ARTENIES
Johr T. Fallon (Veterans Administration Hospital, Albany, N Y ),
William € Stehbens (Veterans Administration Hospital. Albany,
N. Y). and! Regald C. Eggleton 1972 1 p Repr. fram Arch.
Pathal.. v. 94. no 5, 1972 p 380-388

A techmque for the production of uitrasonic lesions In artensi
tissue was deveioped and the lesion, so produced were
investigatad morphoulogically. Focused ultiasound (TMHz) at
intansities of 25. 100. and 1500 W /sq cm was apphed 10 the
centrgl arteries of rabbits’ ears The maximum duration of
exposure to these intensities was 720. 4C. 1.5, and 0.1 sec,
respectively The rise in temp d with the dosages
was determined with an implanted ther ple. Tha ti
were examined at 1. 30, and 72 hr afte: sonication. Focal lesions
were found in the exposed arterial wall at intensity levels and
pulse durations corresponding to thrashold values of mammalisn
nervous tissue. The lesions in the arterisl wall consisted of
vacuolation, degeneration. snd necrosis of smooth muscle cells
in the media. loss of endothelium. and nfiltration of the media
with inflammatory cells

78-0018%
ULTRASONIC VISUALIZATION OF ULTRASONICALLY
PRODUC:D LESIONS IN BRAIN
F.J Fry 1970 1 p Repr. from Confin. Neurol. {Switzerand).
v. 32, 1970 p 38-52

Three anatomically discrete ultrasonically produced brain
lesions in the rhesus monkey was visualized uitrasonically in the
immediste post-lesion period. as well us three weeks later. After
sacnfice at three weeks, the histologically prepared brain sections
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n the Non area were compared with the chogiam information
10 venty lenon placement snd sire The correlation data ndicate
that ulttasoniu visushizetion means can be used o sid n the
sccurate placement of brain lesons  Additionally, the lesions can
hopefully be contiolied in size and shape by ths means
Subsequent sxamination of the lesions over a long penod of
ume aiso sppesrs to be possible with ultrasonic visualizaton
techrquas

10-00'08
(LTRASOUND FOR VIGUALIZATION AND MODIFICATION
OF BAAIN TVOBVE
FJ Fry. R F Hewmburger. L. V. Gibbans, and R C. Eggleton
Jul 1970 Y p  Repr from IEEE (inst. Elec. Electron Eng).
Tians  Somcs Ultrasoncs. v SU-17. no 3. Jul 1970
p 185189

Techniques for the detaded. In vivo wisusiuation and
modihcation of internal bran structures via ulttasonic means
were developed and studied 0 animals and man. The
nstrumentation used n these studies included high-gan
large -sperture ceramic transd: s positioned n space by a
speciaily sdapted Cincinnati turtet dnli. The system provides for
the use of sither simple, compound, or ommidirectional scanming
modes When the brawn 18 viewed through an scoustically
transparint window. easentially all soft-tissue fluid-filled space
nterfaces can be visuahzed. and in some instances gray-white
matter nterfaces can be seen ciearly Bran lesions produced by
high-intensity focused ultrasound are thssue specific and can he
spaced in vivo to conform with the complex geometry of a
gven brmn structure These ulirasonic lesions as well as those
praduced by mechanical or slectrolytic methods. can be. visushzed
ultrasonically immaedistely after thewt placement

76-00187
THRESHOLD ULTRASONIC DOBAGES FOR STRUCTURAL
CHANGES IN THE MAMMALIAN BRAIN
F J Fry, G KossoH. .} Eggleton. and F Dunn Dec 1970
1 p Repr from J Acoust. Soc Amer. v 48 no 6 Dec 1870
p 14131417

The relationship between the scoustic intensity and the tme
durgtion of exposure. for & single pulse, necessary to produce a
thrashola (esion 1n the cat brain was studied Focused uitrasound
of 1. 3. and 4 MHz was employed with r ranging from
100 to 20.000 W /3q cm with the corresponding pulse duration
from 7 1o 00002 sec. respeactively Three types of lesions weare
obasrved attenting three regions At the lower intensities and

long hme durptions of exp . the K 18 produced by a
tharmal mechamism At the highest intensities and shortest time
dur s bel d to be the mechanism which 1

moonublo for the sometimes randomly appearing lesions. At
ntermedthate dosages the lesions are formed by a mechancal
mechanism wiwch 13 thus far not well understood These results
extibet good sgreement with that of other investigators on both
the cat and rat brain

76-00198
ECHOCARDIOGRAPHY OF THE AORTIC ROOT
Raymond Gramiak and Pravin M Shsh Oct 1968 1 p Repr.
from invest Radiol. v 3. no. G Sep.-Oct. 1968 p 356

The echa pattern of the sortic root 1s elicited by locaung
the typical scho of the miral valve and then angulating the
transducer medlly and cephalically. The charactenstic echo
pattern of the sortic 1ot consists of paired undulating signals
thres to five cm apart Thess mgnals mave anteriorly dunng
systole and posterorly during d le Ther p 18 centrl
n relation to schoes ansing from the mitral and tncuspid valves
corresponding to the anatomic position of the aaric root. The
movemaent pattern 18 identical to the mitral annutus. which aiso
represents a portion of the fibrous tkeletor of the hecrt Lesser
echoss onginating between the undulating inargins of the sortic
oot were identified as arising from the valve cusgs by
correlating their with the prod y of the cardiac sounds
Further support was gaineu by recording sbnormally intense anc
distorted signals in patients with calcific sortic stenosis Anatumic
validation of the aortic ongin of thess echoes was obtainsd by
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means of ultrasonic contrast injections made dunng GOIOGT
studies of the sortic root. Saline was injected in the supravalvulcr
pasitioy dunng continuous echocardiogrephic recording snd was
detectad as » cloud of echoss himited by the patsllel signats of
the aoric root. Systolic movement of the aortic cusps was
accompained by the delivery of noncontrast biood from the left
vantncle which produced defecta in the contrast image parsiieling
the excursion of the linear signals from the cusps

70-00100  Napionsl Inat of Mental Hesith. Bethesds. Md.
ULTRABOUND IN DIAGNOSTIC MEDICINE. A NEPONTY
FROM THE RADIATION STUDY SECTION OF THE
NATIONAL INETITUTES OF NEALTH

E C Gregg. F L Thurstone, and € R Epp Dac. 1973 1 p
Rept trom Eng. Radiol. v 109, Dec. 1973 p 737-742

78-00190

ACOUSTIC INTENRITY MEASURIMENTS ON ULTRASONIC
DIAGNOSTIC DEVICES

C R Nl 1977 1 p HRepr from Ultrasonographis Medica
(Vienna), v. 2 p 21-27

76-08191

CELL DISRUPTION BY ULTRASOUND

D E Hughes and W. L Nyborg 1962 t p Repr trom Science.
v 138 p 108-114

78-0019:2

EFFECTS OF AIRBORNE ULTRADOUND ON MAN

J J Kmght 1968 1 p Repr from Ultrasonics {(England), v 6
p 394

78-00183
CONDITION OF SOME ENIVME SYSTEMS OF HEART AND
BRAIN ENERQGY METASOLISM i RABSITE UNDER THE
EFFECT OF ULTRASOUND
E P Kutuzovs 1972 1 p Repr. from Vop. Kurortol.. Furioter.
Lesh ®iz. Kt (USSR). v. 36, no. 5. 1971 p 428-431

in the early penod of development of experimentsl
atherosclerosis in rabbit heart and hrain tissue (atter 40 days).
activity of the onxymu of glycolysis and the pentoss snd
tricarbonylic acid cyclas decr d. indicating an inhibition of
snergy metabolism. A series of ultrazsonic treatments at an intensity
of 0.8 and | W/ag cm had no appreciabis effect on thess
enzymes in tissues of normal animala. Ultrasound st an intensity
of 08 W/sq cm applied 0 amvmals with experimenisl
ath | " d tho vy of succinate dehydroganase
mn heart tssue and aldolese in brain tssue, indicatng a
stimulatory effect of this dose on metabolsm A dose of
1 W/sq cm was less effective in influancing the enzyme systems
of cartohydrate metabolism in these amimals

76-00104

SELECTIVE HEATING EFFECTS OF ULTRASOUND N
HUMAN BEINGS

J. F Lehmani,, 8. J Delateur. and D R Sivermen 1388
1 p Repr from Arch. Phys. Med. Rehabil, v. 47 p 331-339

76-00108
RATE OF PULBE NAVE PROPAGATION IN ULTRASONIC
THEATMEKT OF PATHNTE WITH DEFORMNING
ARTHROGIS WATH ZONCOMITANT DISEASES OF THE
CARDIOVASCULAR 3vSTEM
N. V. Mikhgilove 1972 1 p Repr. from Vop Kurortol.. Fizioter.
Lech. Fiz. Kult. (USSR). v. 38. no 5. 1971 p 420-428
Patients (110) were treated with continuous or intermitient
ultrasonic waves of an intensity of 2-8 W/aq cm nd
phonophoress with hydrocortisone Considerable improvement
resulted in 18.2% of cases. impravement in 75.4% and no change
n 6.4% Pulss curves n the carotid and femaral aneries were
massured to determine changes in rate of pulse wave propagation,
reflecting degres of elusticity of vessel walls, as a resuit of
trestment. Rates are generslly found t0 be elevated in
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arterosclerosis and hypeitensive dwesse A decrease n rate
occurred in AN ceses It was especially matked n oider patents
(60-74 yr oki) given continuous uitrasomc restment. where the
rate dropped from 10 10-887 m fsec Thess hgures indicated

the benehcial effect of ultrasonc trestment on cerdeovasculst
disesse

-00198 .
ULTRASONICS IN MEDICINE: REVIEW
J A Newsll 1962 1 p Repr from Phys Med Bl (England).
v 8.0 3 1963 p 240

The physicsl aspacts of ultrasound sre brrefly ducusied, and
relevent formulse and constents used in the generation and
propagation of suund energy in varous human anid snimal tissues
are given Mathods of messurement and some possible hazards
are mentioned. but the main emphass 13 on disgnostic and
surgical application of ultrasound Treatment of Meniere's and
Pariunson’'s cisssses by high-intensity ultrasound are discussed
and low-intensity applicavions in brain. heart and eye are
ungled out for detailed description  Although controlied apphcation
of uitrasound 13 telatively new, all the evidence seems ta prove
ity great value in medcine. and the author concludes with
suggestions about its future development

75-00197
ULTRASONICS IN MEDICINE
J A Newell Nec 1987 1 p Repr fiom Electron Power
(England). v 13, Dac 1987 p 449.451

The scientiic and technological tools of industry often find
apphcation in medicing. ultrasonics 1s no axception It is used a*
h'gh intensies for the trestment of certain condiions. and at
ntermediate intensiies for physiotherapy treatment At ilow"
intensities 1t has a range of uses. all similar to the ndustral
application of nondestructive testing. all are essentially diagnostic
applications

78-00198  Nagasoki Univ (Japan)
EXPERIMENTAL STUDY ON ULTRASONIC ATTENUATION
IN THE BRAIN
Hidenobu Ostubuchi 1972 1 p Repr from Acta Med Nagasaki
iJapan). v. 15, no 1-4, 1971 p 26-48

An experimental study was made n rabbits to determine
participating factors and the method of participation n ultrasonic
asttenustion changes in the brain Bedateral hgaton of the jugular
vemns. auto-rebreathing of exhaled gas. blockage ol carotid
blood flaw and physiclogical sait solution injection upon puncture
of the posterior cistern wera the methods used The relation of
brain H0 content. cerebral biood flow and CSF (cerebral spinai
fluid) pressure changes with ultrasonic attenustion change was
studied Either decrsase or CSF pressure increase participsted
with ultrasonic attenuation incressed Either brain H20 content
increase. cerebral biood flow increase or CSF pressure decrease
participated when ultrasonic attenuation decragsed

75-00199

EPFECT OF HIGH-FREQUENCY NOISE ON MAN

R Reinhold. K Rasche and W Werner Jui 1972 1 p Repr
N

trom 2 Gesamte Hyg (West Germany), v 18 1972
p 485 488

75-00200 Massachusetis Inst of Tech Cambndge
AN ANALYSIS OF LESION DEVELOPMENT IN THE BRAIN
AND IN PLASTICS BY HIGH-INTENSITY FOCUSED
ULTRASOUND AT LOW MEGAMNERT2
T C Robinson and P P Lele 1972 1 p HRepr from J
Acoust Soc Amer. v 51, 4 pt 2. 1972 p 1333-1361
Tharmat factors ute baheved ‘o play a dominant role in the
development of the structura! and functional effects of wradiation
of the nervous system with focused utiasound at low-MHz
frequencies Stmilar mechanisins are postiated to underline the
effe.:s of wradiation in methacrylate. frequently used as a test
matenal This study was undertaken to determine if thermal
mechamisms alone can explain the development of tracklass focal
alte:stions {lesions) and all of their measursbie charactensiics n
plastic as well as in brain A purely thermal model 1s assumed
and analytical prediction of lesion development and lesion size

P e
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and shepe for varying values of uitrasonic and thermal constents
and controligble vanables (hequency, focusing. dosage. target
depth, eic) » sttempted. An smpirical equation to euacribe the
anisl and radial ultrasonic enengy distribution st the focus in
waoter is detived. Appropriate hent transfer equations are developed
for temparatuia aistnbutions resulting from ultraeonic irradiahon.
The computed temperature profiles are  plotted against
nondimensionshsed parametars. Temperatures st the leswon
boundaty were determined experimentsily. Leswon dimensions resd
off ths computed temnerature profiles at the measured lesion
boundary tempersture sre wwared with experimeuntal dats.
Within the ra of ultrasonic parameters used in this study,
the development of lssions i the brain sre erplsined by thermai
maechanisms A cat brain was ured.

78-00201
ANHMAL TORICITY STUDIIS WAITH ULTRASOUND AT

DIAGNOSTIC POWER LEVELS
M G Smyth 1968 1t p

78-00202

CONCISE PHYSICS OF ULTRASOUND AS APPLIED IN

OPNTHALMOLOGY

A Sokollu 1969 ' p Repr from Int Ophthaimol. Cin. v 9
1969 p 793-828

78-00203
ACOUSTICAL IMAGING OF BIOLOGICAL TISSVE
F L Thurstone Jul 197C 1 p Repr. from IEEE (inst Elac
Electron. Eng ). Trans Sonics Ultrasonics, v. Su-17, no 3. Jul
1970 p 154.157

In any imaging system the subjective quality and in turn
the usefuliess of the system s depandent upon the infarmation
detection, processing, and dhsplay procedures that are empioyed.
Numercus techniques have been investgated over a penod of
years for the purpose of im.aging biologice tissue structures using
uitrasound as the investigating radiant energy. However. the
chnica! and ressarch applicabiity of these techniques has not
bacome widespread hecause of tha hmited disgnostic usefuiness
of the images Several image factors that influence the dagnostic
usefuiness of uitrasound images are discussed.

78-00208 Naval Medical Research inst., Bathesds. Md.

ULTRASDUND DOSAGE FOR EXPERIMENTAL USE OK
HUMAN BEINGS

W D Uinch Aug 1871 1 p
{AD-731075. NAVMED-M4306 01-10108XK9-2)
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? ‘ During the last 25 years there has been a remarkable development and increase in the

! number of processes and devices that utilise or emit non-ionizing radiation which includes
: ultra-violet, visible light, infrared. microwave, radiofrequency, ultrasound. Such devices are
; used in all sectors of our society for military and industrial, telecommunications, medical

5 and consumer applicatior.s.  Although there is inforimation on biological effects and
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authoritative review and critical analysis of the availablc information and concepts to give
a basis tur informed judgements and judicious application of these energies for maximal
benefit and minimum risk or hazard to 1aan.

[

P S g WA

N b ’ cae . om ) ddeaRM B

g e L e i




